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FISH OF LAKE MEAD AND LAKE MOHAVE
LAKE MEAD
Background and Description
Background: The early settling and development of
lands throughout southern California and other regions
along the lower Colorado River resulted in greatly
increased water demands for this rapidly growing area.
To meet the ever increasing water requirements of irri-
gation, domestic and industrial use, flood control, and
hydroelectric power production, Congress, in 1928,
authorized construction of Hoover (Boulder) Dam in
Black Canyon on the Colorado River near Las Vegas,
Nevada. Construction began in 1931 and was virtually
complete by 1935. Water began rising immediately
behind the new, huge 726-foot (221.3 m.) high concrete
structure. In 1941, the newly formed reservoir, Lake
Mead, was completely filled (Jonez and Sumner, 1954).
Description: Lake Mead is located in the large Colo-
rado River Drainage system. This system extends from
Wyoming and Colorado to the Gulf of California and
drains parts of seven western states (Figure 1). Lake
Mead is situated approximately 30 miles (48.3 km.) east
of Las Vegas and forms a common boundary between
the states of Arizona and Nevada. When full, as in
1941, water rises to a«iaximum depth of 590 feet (179.8
m.) and backs up approximately 110 miles (177 km.).
The total length of Lake Mead's very irregular shoreline
is about 550 miles (885 km.). The impoundment is com-
prised of several large basins divided by narrow can-
yons. Immediately above Hoover Dam and Black
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Figure 1. Colorado River drainage system showing
Lake Mead and Lake Mohave.
Canyon is the 4-mile (6.4 km.) wide Boulder Basin, into
which extends Las Vegas Bay from the west. A long,
narrow canyon, Boulder Canyon, connects the Boulder
Basin with another large basin to the east, the Virgin
Basin. Into this 8-mile (12.9 km.) wide basin flows the
long, wide Overton Arm from the north. The reservoir
then gradually and irregularly narrows upstream until
its confluence with the Colorado River in northwestern
Arizona (La Rivers, 1962) (Figure 2).
History of Fishery
Prior to the construction of Hoover Dam and forma-
tion of Lake Mead, very little angling recreation existed
on this portion of the Colorado River. The hardy few
that attempted angling took only occasional channel
catfish and Colorado Squawfish. Other fish species
abundantly present at that time included the native
bonytail chub and the humpback sucker. The carp was
also present, but no stocking records were available for
review on this species. The formation of Lake Mead cre-
ated good potential for game fish (Jonez and Sumner,
1954). During the years 1935-1942, largemouth bass,
black crappie, bluegill, and green sunfish were stocked
into Lake Mead by the U.S. Fish and Wildlife Service.
Records of these introductions are confusing. One list
states that a total of 480,625 bass and sunfish were
stocked between 1935 and 1939 (Baldwin, 1945).
Another list notes that 280,090 bass and 350,145 sunfish
were stocked between 1939 and 1942 (Anon., 1954). No
specific mention of the black crappie or the green sun-
fish is made in either of these reports. It is felt these
species were introduced mistakenly along with the blue-
gill (Baldwin, 1945). A short time after the filling and
stocking of the new impoundment, Lake Mead gained
national fame as a prime warm water fishery (Moffett,
1943).
Initial production of game fish was stimulated by the
ever expanding water surface. However, in 1941, sports-
men of the area became concerned when many of the
largemouth bass were found to be very thin and in poor
condition. Moffitt (1943) suggested a possible reason for
the poor condition of the fish was due to an inadequate
source of small fish for use as forage. In 1954, through
cooperative tri-state agreement of the Fish and Game
Departments of Arizona, California and Nevada,
threadfin shad were introduced into Lake Mead. The
introduction proved successful. By 1956, the shad had
become established and were found in large numbers
throughout the lake. A sound, reliable forage base for
bass and other game fish species was created (Trelease,
1956).
The filling of a major upstream impoundment, Lake
Powell, beginning in 1963 greatly altered the historic
pattern of water storage in Lake Mead. During the fill-
ing years of this new, huge reservoir, water flows into
FISH OF LAKE MEAD AND LAKE MOHAVE
TO CAUENTE
w
LAKE MEAD
TO MESQUITE
SCALE
U S HGWY
STATE
GRAVEL ROADS
REC AREA 8DRV.
TOWNS
MARINAS a BOAT
LANDINGS
5 BOULDER Cl\O KINSMAN
Figure 2. Lake Mead.
Lake Mead were greatly reduced. Consequently, water
levels in Lake Mead were lowered substantially for sev-
eral years. Even after Lake Powell filled, the pattern of
water storage in Lake Mead changed from one of rising
spring levels to one of declining spring water levels.
During this time, it became apparent that the renowned
largemouth bass fishery was declining in quality. This
decline in the fishery was felt to reflect largely upon the
severe initial water drawdown during the filling years of
Lake Powell and thereafter upon the annual spring
drawdown which coincided with the spawning season of
the game fish. It was determined that production and
survival of game fish were adversely affected by the
declining water levels (Lake Mead Job Completion
Reports, 1963, 1964; Lake Mead Job Progress Reports,
1974-1976).
Prior to 1969, Lake Mead was managed exclusively as
a warm-water fishery. However, rainbow and brown
trout were occasionally taken by anglers although no
official stocking of these species was made. Apparently,
these fish were downstream migrants from the Colorado
and Virgin rivers (Moffett, 1943; Wallis, 1951; Jonez
and Sumner, 1954). Beginning in 1969, because of the
declining quality of the largemouth bass fishery, intro-
ductions of rainbow, cutthroat, hybrid bowcutt trout,
and silver salmon were made by Arizona and Nevada in
attempts to enhance the fishery. It was hoped that these
cold water fishes would fill a vacant niche in Lake Mead.
Stocking of the salmonids, except of the silver salmon,
has continued to the present time. Also, in 1969, intro-
ductions of striped bass into Lake Mead began. Stock-
ing of this species continued through 1972. Natural
reproduction was documented in 1973 and every year
thereafter. The species has become established and is
increasing annually in population size and angler popu-
larity. Several experimental introductions of large-
mouth bass have also been made in efforts to study the
feasibility of stocking both hatchery reared bass and
captured wild fish from other impoundments. These
introductions have met with some success and are still
being evaluated (Lake Mead Job Progress Reports,
1969-1977). Lists of fish occurrences and all known
introductions into Lake Mead are presented (Table 1
and Table 2).
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Historically, the largemouth bass has been the most
important game species in Lake Mead. From 1953
through 1969, catch estimates derived from creel census
revealed that over 400,000 largemouth bass were taken
annually by anglers. Largefnouth bass, during this time,
comprised over 50 percent of the total fish harvest.
However, in 1970, the effects of the spring water draw-
downs began to show in the harvest figures. The total
. itimated catch of largemouth bass dropped consid-
erably and for the first time fell to less than 50 percent of
the total fish harvest. Since 1969, only one year, 1974,
has shown good returns of bass. The good bass fishing
that year was related to an excellent production and sur-
vival year in 1973 when the spring water levels raised
instead of fell. However, since 1974, bass fishing has
steadily declined. Catch figures for 1977 indicate that
the largemouth bass, for the first time in the history of
'he impoundment, fell below that of two other fish spe-
.iss, the channel catfish and black crappie, in total
catch.
The channel catfish, black crappie, and bluegill have
always been important secondary game species in Lake
Mead. Catch estimates for these species, especially the
crappie and bluegill, show a great amount of fluctuation
over the years. Generally, each of these species contrib-
utes less than 25 percent of the total annual harvest.
However, with the decline of the largemouth bass fish-
ery, these species are becoming increasingly more
important to the angler. The green sunfish contributes
very little to the total game fish harvest. Harvest figures
for this fish were generally included with the bluegill fig-
ures or were classified as "other" along with the carp
and other seldom caught species.
The salmonid species which were stocked into Lake
Mead in hope of enhancing the fishery provided good
returns for a short time. From 1970 through 1975, fish-
ing for the salmonid species was considered good. Many
of the fish caught were of a large, trophy size. However,
beginning in 1976, trout fishing became very poor in
quality. The decline in the trout fishery is not fully
Table 1. List of fish species found in Lake Mead and Lake Mohave and status.'
Status
...Rare; only two adult individuals reported in 1972 from Lake Mead
Family and species
ANGUILLIDAE, freshwater eels
Fresh water eel (Anguilla rostrata)
CLUPEIDAE, herring and shad
Threadfin shad (dorosoma petenense) Abundant in Lake Mead and Lake Mohave
SALMONIDAE, trout and salmon
Coho (silver) salmon (oncorhynchus kisutch) No longer found in Lake Mead or Lake Mohave
Sockeye (Kokanee) salmon (Oncorhynchus nerka) No longer found in Lake Mohave
Cutthroat trout (Salmo clarki) Uncommon in Lake Mead and Lake Mohave
Brown trout (Salmo trutta) Rare; to be stocked in Lake Mead in the future
Rainbow trout (Salmo gairdneri). Uncommon (once common) in Lake Mead; abundant in Lake Mohave
Hybrid bowcutt (Salmo gairdneri x S. clarki). Rare in Lake Mead
Brook trout (Salvelinus fontinalis) Rare in Lake Mohave
CYPRINIDAE, minnows
Colorado River squawfish (Ptychocheilus luciusj' Considered extinct in Lake Mead and Lake Mohave
Bonytail chub (Gila eiegans)2 Rare in Lake Mead and Lake Mohave
Humpback chub (Gila cypha)1 Considered extinct in Lake Mead and Lake Mohave
Carp (Cyprinus carpio). Abundant in Lake Mead and Lake Mohave
Golden shiner (Notemigonus crysoleucas) Uncommon in Lake Mead and Lake Mohave
Fathead minnow (Pimephalespromelas). Uncommon in Lake Mead and Lake Mohave
Red shiner (Notropis lutrensis) Common in Lake Mead; rare in Lake Mohave
Goldfish (Carassius auratus) Rare in Lake Mead
CATOSTOMI0AE, suckers
Humpback (razorback) sucker (Xyrauchen texanus)* Uncommon in Lake Mead; common in Lake Mohave
Flannelmouth sucker (Catostomus latipinnisf Status unknown
Gila mountain sucker (Catostomus clarki) Status unknown
ICTALURIDAE, catfishes
Channel catfish (Ictaluruspunctatus) Abundant in Lake Mead and Lake Mohave
Black bullhead (Ictalurus melas). Rare in Lake Mead (common in Overton area)
LARIIDAE, clariid catfishes
Walking catfish (Clarias batrachus) Two individuals taken from Rogers Spring in 1971
POECILIIDAE, livebearers
Mosquitofish (Gambusia affinis) Common only in and around some tributary streams of Lake Mead
PERCICHTHYIDAE, temperate basses
Striped bass (Morone saxatilis) Common in Lake Mead
CENTRARCHIDAE, sunfishes
Largemouth bass (Micropterus salmoides)... Common in Lake Mead and abundant in Lake Mohave
Black crappie (Pomoxis nigromaculatus) Abundant in Lakes Mead and Mohave
Green sunfish (Lepomis cyanellus) Common in Lakes Mead and Mohave
Bluegill (Lepomis macrochirus) Abundant in Lakes Mead and Mohave
PERCIDAE, perches
Walleye (Stizostedion vitreum) Rare in Lake Mead
'Data from Wallis (1951), La Rivers and Trelease (1952), Bradley and Deacon (1967), Minckley (1973), La Rivers (1962), and Arizona and Nevada stocking records.
'Native fishes.
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Table 2. History of fish stocking in Lake Mead by year
(Arizona, Nevada, and federal stocking records).
Year Number Species
1892-1893 722 Channel Catfish'
Unknown Unknown Carp'
1935-1939 480,625 Largemouth Bass and Sunfish2
1939-1942 286,090 Largemouth Bass1
1939-1942 350,145 Sunfish'
1954 274 Threadfin Shad
1955 11,000 Threadfin Shad
1964 200,000 Largemouth Bass
1969 80,177 Rainbow Trout
1969 36,710 Coho Salmon
1969 20,000 Striped Bass
1970 153,823 Rainbow Trout
1970 56,116 Coho Salmon
1970 41,300 Striped Bass
1971 150,696 Rainbow Trout
1971 64,335 Coho Salmon
1971 910 Striped Bass
1972 180,486 Rainbow Trout
1972 169,000 Coho Salmon
1972 38,988 Cutthroat Trout (Strawberry)
1972 19,650 Cutthroat Trout (Lahontan)
1972 3,000 Striped Bass
1973 172,477 Rainbow Trout
1974 254,240 Rainbow Trout
1975 801,861 Rainbow Trout
1975. 7,732 Cutthroat Trout (Lahontan)
1975 28,908 Bowcutt Trout
1975 13,343 „ Largemouth Bass
1976 650,395 Rainbow Trout
1976 120,373 Cutthroat Trout (Lahontan)
1976 11,306 Largemouth Bass
1977 148,426 Cutthroat Trout (Lahontan)
1977 144,321 Rainbow Trout
1977 67,610 Bowcutt
1977 10,016 Largemouth Bass
'Fish introduced before formation of Lake Mead.
'National Park Service Records.
'U.S. Fish and Wildlife Service Records.
understood. Three possible considerations for the
decline were: (1) predation from striped bass; (2) migra-
tion into the Colorado River; and (3) change in limnolo-
gical conditions of Lake Mead. Possibly a combination
of these factors is more realistic.
The striped bass introductions have shown promising
results. Prior to 1973, very few striped bass were taken
by anglers. A minimum size regulation of 16 inches
(40.6 cm.) restricted the harvest to only the larger fish.
Since 1973, the catch rate has been increasing steadily.
The size restriction was removed in 1977, and this aided
in the catch increase. A detailed list of estimated total
catch by species from 1953 to 1977 in Lake Mead is pre-
sented (Table 3). The catch composition is computed
from Arizona and Nevada creel census data. Angler use
figures are computed from a ten percent sampling of
Nevada fishing license buyers. Angler use figures and
harvest estimates are conservative, but they provide an
index to determine trends in the fisheries.
Since 1958, angling pressure and harvest rates on
Lake Mead have increased dramatically. Estimates of
the number of angler days increased annually through
1968. However, since 1969, the estimated angler days
have been variable. The total number of fish caught per
angler, over this same period, has decreased substan-
tially. The highest recorded fish per angler occurred in
1953; the lowest occurred in 1973. Since 1966, the catch
per angler figure has annually been computed at
between one and two fish per angler day (Jonez and
Sumner, 1954; Lake Mead Job Progress Reports,
1958-1977) (Table 3).
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Table 3. Total estimated harvest of game fish and percent total catch from Lake Mead from 1953-1977
(Nevada Department of Fish and Game expanded creel census data)..
Year
1953
1958
' Y 1960
FY 1961...
1 962
1963
1964
• 'if,5
1966
1967
1968
1969
! 970
1971
1972
1973
1974
1975
!'i76
19772
Expanded
angler
days
i
162
... 209
235
257
280
307
334
.. 360
387
... . 414
404
341
. 399
412
459
606
502
405
405
,818
,954
,522
,090
,657
,437
,217
,997
,777
,560
,490
,468
,504-
,009
,540
,126
,117
,696
,696
Fish/
angler
day
4.12
3.10
3.30
2.59
2.44
4.07
2.26
2.12
1.76
1.65
1.79
1.84
1.63
1.16
1.15
1.06
1.28
1.33
1.10
1.42
L.M.
Bass
447,408
78%
376,533
74.6%
515.479
74.4%
485,562
79.5%
489,294
78.0%
799,592
70.0%
458,573
71.0%
469,762
66.3%
408.533
63.6%
460,039
71.9%
402,198
54.2%
416,042
55.9%
238,778
42.9%
188,151
40.6%
195,684
41.3%
204,587
42.0%
310,336
40.0%
232,400
34.8%
143,251
32.1%
141,142
24.5%
Bluegill
11,472
2%
18,675
3.7%
24,250
3.5%
12,200
2.0%
21,956
3.5%
45,691
4.0%
13,896
2.2%
34,010
4.8%
38,757
6.0%
21,114
3.3%
130,603
17.6%
77,403
10.4%
106,866
19.2%
46,806
10.1%
49,276
10.4%
58,453
12.0%
95,428
12.3%
56,764
8.5%
66,494
14.9%
78,346
13.6%
Ch.Cat.
74,568
13%
29,275
5.8%
83,142
12.0%
61,000
10.0%
54,575
8.7%
205,609
18.0%
69,481
10.8%
100,613
14.2%
76,878
12.0%
65,263
10.2%
143,960
19.4%
123,547
16.6%
115,215
20.7%
110,295
23.8%
123,664
26.1%
91,577
18.8%
111,721
14.4%
121,543
18.2%
117,368
26.3%
171,674
29.8%
Black
Crappie
40,152
7%
77,729
15.4%
69,285
10.0%
48,800
8.0%
61,475
9.8%
91,382
8.0%
104,221
16.0%
103,447
14.6%
108,646
16.9%
91,496
14.3%
62,333
8.4%
119,082
16.0%
66,235
11.9%
51,440
11.1%
43,117
9.1%
59,915
12.3%
136,548
17.6%
119,539
17.9%
103,087
23.1%
153,815
26.7%
Rb. Cult.
Trout Trout
2,019
.4%
582
.01%
7,256
1.1%
2,968
.4%
7,443
1.0%
25,047
4.5%
64 416
13.9%
61 121
12.9%
66,247 1,461
13.6% .3%
100,859 4,655
13.0% .6%
127,553 1,336
19.1% .2%
4,463 446
1.0% .1%
13,826 179
2.4% .03%
Striped
Bass
185
.04%
47
.01%
1,461
.3%
2,328
.3%
2,671
.4%
6,248
1.4%
13,250
2.3%
Other
505
.1%
692
.1%
2,440
.49%
708
.1%
2,541
.4%
2,559
.4%
745
.1%
4,452
.8%
2,132
.46%
901
.19%
3,411
.7%
13,966
1.8%
6,010
.9%
4,909
1.1%
4,033
.67%
Total
573,600
504,736
692,848
610,584
627,300
1, 142,274
646,171
708,540
642,611
639,832
742,062
744,262
556,593
463,425
473,810
487,112
775,841
667,816
446,266
576,088
'The data presented for 1953 does not include expanded angler days.
!1977 figures are based on 1976 angler days and may be subject to change.
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LAKE MOHAVE
Background and Description
Background: Construction began in 1942 on Davis
Dam downriver from Hoover Dam. Because of wartime
shortages of materials, progress was halted that same
year. Work resumed again in 1946 on the 1600-foot
(487.7 m.) long, 200-foot (61 m.) high rock and earthen
structure. Major construction was completed by 1951.
Limited water storage began in 1948, and by 1951 the
rising waters of the new impoundment, Lake Mohave,
had advanced upstream to the tailrace of Hoover Dam
(Jonez and Sumner, 1954; La Rivers, 1962). Purposes of
Lake Mohave were to provide water for summer irriga-
tion needs, to produce hydroelectric power, and to regu-
late erratic water releases from Hoover Dam (Jonez and
Sumner, 1954).
Description: Lake Mohave is a narrow 67-mile
(107.8 km.) long reservoir located southeast of Las
Vegas, Nevada, on the Arizona-Nevada state line. For
most of its length, Lake Mohave is confined between the
canyon walls of the old Colorado River channel. Only in
the Cottonwood Basin does the reservoir attain an
appreciable width of 4 miles (6.4 km.). The lake has
about 200 miles (321.8 km.) of irregular shoreline. The
greatest depth of the lake at the upstream face of Davis
Dam is a little over 100 feet (30.5 m.) (Jonez and Sum-
ner, 1954) (Figure 3).
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Figure 3. Lake Mohave.
History of Fishery
Following completion of Hoover Dam, the part of the
Colorado River later to become Lake Mohave changed
from a warm, silt-laden river into a cold, clear, swift-
flowing stream. Water temperatures ranged from 54° F.
(12.2° C.) to 61° F. (16.1° C.), ideal for coldwater fish
species. In 1935, the "new" Colorado River was first
stocked with rainbow trout (Baldwin, 1945). Between
1935 and 1951, a total of 3,714,054 rainbow trout were
stocked into the river. Trout fishing at that time was
considered excellent. With the filling of the reservoir in
1951, the trout fishery was considerably modified and a
second warm water fishery developed. Lake Mohave
actually became two lakes in one. The upper portion
immediately below Hoover Dam to about Eldorado
Canyon and the deeper portions of the rest of the reser-
voir remained suitable for trout. The upper, warmer
strata from about Eldorado Canyon south to Davis
Dam developed into an excellent warm water fishery for
largemouth bass, black crappie, channel catfish, and
sunfish. These latter species all had become established
in the new reservoir. It was felt that these fish originally
came from small pre-impoundment populations found
in the Colorado River below Hoover Dam (Jonez and
Sumner, 1954).
In 1955, threadfin shad and red shiner were also
stocked into Lake Mohave. The shad introduction
proved successful. Following the establishment of this
forage species in the lake, a sound food base was created
for game fish (Trelease, 1956). The red shiner introduc-
tion was not successful (Sumner, pers. com.).
Stocking of rainbow trout has continued regularly in
Lake Mohave since the formation of the impoundment.
However, in efforts to give better quality fishing and
larger fish, experimental releases of other salmonid spe-
cies have been made. The highly piscivorous cutthroat
trout was introduced in 1961 when approximately
14,000 yellowstone strain cutthroat were stocked. In
1966, 1976, and 1977 the longlived Lahontan strain cut-
throat was stocked in efforts to determine their potential
to the fishery.
Two species of salmon, kokanee and coho (silver),
have also been released into Lake Mohave in recent
years. From 1962-1965, over 500,000 kokanee were lib-
erated by Arizona and Nevada in hopes of establishing
the species in the lake. These fish did not become estab-
lished.
Stocking of coho was carried out from 1966-1970
when almost 90,000 fish were released into the impound-
ment. Some plantings of coho salmon contributed signi-
ficantly to the fishery prior to reaching spawning
maturity. No successful reproduction was recorded for
the species.
In 1976, brook trout were stocked for the first time
when 1,930 fish were released into the lake (Arizona and
Nevada stocking records, 1951-1977). Lists of all
known fish occurrences and introductions are given
(Table 1 and Table 4).
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Table 4. History of fish stocking in Lake Mohave by year
(Arizona, Nevada, and federal fish stocking records).
fear Number Species
1892-1893 722 Channel Catfish'
Unknown Unknown Carp1
1935-1950. 3,714,054 Rainbow Trout'
1951-1954 4,288,884 Rainbow Trout
1955 86,160 Rainbow Trout
1955 6,500 ThreadfinShad
•955 5,000 Red Shiner
, •:/, 55,284 Rainbow Trout
iy;;7 84,277 Rainbow Trout
1958 175,818 Rainbow Trout
1959 481,119 Rainbow Trout
I960 164,160 Rainbow Trout
1961 225,963 Rainbow Trout
1961 14,330 Cutthroat Trout (Yellowstone)
1962 128,283 Rainbow Trout
1962 100,000 Kokanee Salmon
1963 474,650 Rainbow Trout
1964 602,935 Rainbow Trout
, ,1 319,750 Kokanee Salmon
' 1,353,130 _ Rainbow Trout
i965 99,000 Kokanee Salmon
1966 455,189 Rainbow Trout
1966 14,855 Cutthroat Trout (Lahontan)
1966 10,000 Coho Salmon
1967 435,937 Rainbow Trout
1968 417,101 Rainbow Trout
1968 30,059 Coho Salmon
1969 447,824 Rainbow Trout
1969 15,000 Coho Salmon
1970 432,525 Rainbow Trout
i ..34,308 Coho Salmon
.-_,', \2 Rainbow Trout
1972 845,482 Rainbow Trout
1973 504,441 Rainbow Trout
1974 523,897 Rainbow Trout
1975 593,933 Rainbow Trout
1976 501,737. Rainbow Trout
1976 10,138 Cutthroat Trout (Lahontan)
1976 1,930.... Eastern Brook Trout
1977 896,651 Rainbow Trout
1977 13,088 Cutthroat Trout (Lahontan)
'Fish introduced before formation of Lake Mohave.
The rainbow trout has historically been the most
important game fish in Lake Mohave. Expanded catch
estimates from 1962 through 1977 show that the catch
rate for this species is variable and dependent upon
yearly stocking rates. Total catch estimates throughout
the years have varied from just under 50,000 fish in 1976
to over 385,000 fish in 1973. Rainbow trout generally
comprise more than 50 percent of the total game fish
vest. Estimates for total catch percentage range from
LOW of 47.5 percent in 1976 to a high of 85 percent in
1965.
The largemouth bass in Lake Mohave has been a very
important secondary species. Total catch estimates, like
those for the rainbow trout, are variable. During years
of poorer trout fishing, the largemouth bass becomes
more important and shows in greater numbers, compar-
atively. Catch estimates usually range from 40,000 to
*" 000 fish harvested annually. In 1967, the best bass
on record, it was estimated that over 100,000 fish
-re taken. Estimates for total percentage of the catch
ranged from 9 percent in 1972 to almost 40 percent in
1967.
The other warm water species in Lake Mohave, chan-
nel catfish, black crappie, bluegill, and green sunfish,
contribute very little to the total catch figures. Channel
catfish harvest is generally less than 10,000 fish annually
and usually comprises less than 5 percent of the total
yearly catch. The black crappie total catch is even lower
and comprises less than 3 percent of the annual total
harvest. The bluegill is slightly more important. Total
catch estimates for this species ranged from slightly over
2,000 fish in 1962 to a high of almost 33,000 fish in 1974.
Less than 10 percent of the estimated annual harvest is
comprised of bluegill, and usually the catch percentage
is less than 5 percent. The green sunfish contributes
almost nothing to the catch. Those caught were usually
included in the bluegill totals or were classified as
"other" along with the carp and other seldom caught
species.
The experimental introductions of the other salmo-
nids have met with varied results. The kokanee salmon
introductions failed completely. The species did not
become established, and only one catch was verified.
The coho (silver) salmon introductions gave varied
results. Some stocks gave good angling returns while
others gave almost nothing. The difficulty in obtaining
eggs and small fish resulted in the discontinuance of this
program. The cutthroat trout introductions have shown
promising results. The catch rate so far on this species
has been good. Evaluation of this species is continuing.
The brook trout has also shown some promise in Lake
Mohave. However, the initial introduction was very
small in number and could not be accurately evaluated.
More introductions of this species are scheduled to meet
this need. A detailed list of total catch by species from
1958 through 1977 from Lake Mohave is presented
(Table 5).
Angling pressure and harvest rates on Lake Mohave
throughout the years have been somewhat variable.
Estimates of expanded angler days range from a low of
just over 98,000 days in 1962 to over 240,000 days in
1974. The total number of fish caught per angler has
also fluctuated from year to year, the highest recorded
fish per angler day occurred in 1963; the lowest occurred
in 1976. Usually, the catch per angler figure lies between
one and two fish per angler day (Lake Mohave Job
Progress Reports, 1958-1977) (Table 5).
Fish Hatcheries
Lake Mead Hatchery: The Lake Mead Fish Hatch-
ery is located just north of Boulder City, Nevada, near
Saddle Island on the southwest shore of Las Vegas Bay.
The facility is situated on National Park Service land
and is administered by the State of Nevada. Water for
the facility is supplied from Lake Mead. This installa-
tion began operation in 1974 to meet the ever increasing
need of angling pressure on Lake Mead and Lake
Mohave. The annual production of the hatchery gener-
ally averages between 136,000 and 166,000 pounds of
fish. Most of this production is stocked into Lake Mead
and Lake Mohave. Several species of Salmonids have
been hatched and reared at the facility. These species
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include: rainbow (Salmo gairdneri), cutthroat (Salmo
clarki), Eastern brook trout (Salvelinus fontinalis),
brown (Salmo trutta), and hybrid bowcutt (S. gairdneri
x S. clarki) (Buck, 1974-75; 1975-76).
Willow Beach Hatchery: The Willow Beach
National Fish Hatchery is located on Lake Mohave near
the Willow Beach Resort in Arizona. The hatchery is
administered by the U.S. Fish and Wildlife Service.
Water for the hatchery is supplied from the upper por-
tion of Lake Mohave. This facility was constructed to
meet the needs created by the increasing angling pres-
sure on Lake Mohave. The first production year was
1963, and annual production since has ranged between
133,000 and 225,000 pounds of catchable rainbow
trout. Lake Mohave receives about 75 percent of this
production (Lake Mahove Job Progress Reports
1963-1977).
Several Colorado River endemic fish species have also
been held at the station. The Colorado River squawfish
(Ptychocheilus lucius) and humpback sucker (Xyrau-
chen texanus) have been propagated in hopes of restock-
ing these species into native areas where they no longer
occur. Attempts to collect a sufficient broodstock of
other endemic fish species for propagation at the hatch-
ery have been largely unsuccessful. A few bony tail
chubs and humpback chubs have been held for brief
periods (Toney, 1974).
A small number of brook trout (Salvelinus fontinalis)
has also been held at the hatchery. These fish were used
as test subjects following the disinfection of the station
in 1976 for Infectious Pancreatic Necrosis (IPN). They
were later released into Lake Mohave when test results
proved negative for the disease (Beckstrand, pers.
comm.).
Table 5. Total estimated harvest1 of game fish and percent total catch from Lake Mohave from 1958-1977
(Nevada Department of Fish and Game expanded creel census data).
Year
1958...
Expanded
angler
days
FY 1960
FY 1961.
Fish/
angler
day
1.36
1.45
2.00
1962 98,106 1.55
1963 121,651 2.89
1964 126,797 2.26
1965 167,283 2.26
1966 158,584 1.72
1967 154,685 1.69
1968 214,036 1.80
1969 176,269 1.84
1970 174,453 1.67
1971 187,851 1.52
1972 183,794 2.47
1973 218,606 2.20
1974 241,071 1.92
1975. 186,909 1.46
1976 127,553 .82
1977 127,553' 1.45
L.M.
Bass
19,290
46%
4,364
44.4%
2,334
15.1%
25,395
16.7%
48,868
13.9%
34,960
12.2%
42,721
11.3%
68,464
25.1%
104.044
39.8%
39,297
10.2%
62,272
19.2%
44,575
15.3%
51,967
18.2%
40,403
8.9%
58,674
12.2%
88,868
19.2%
54,850
20.1%
38,804
37.1%
53,081
28.7%
Bluegill
1,468
3.5%
275
2.8%
88
.5%
2,281
1.5%
4,922
1.4%
8,597
3.0%
7,939
2.1%
6,274
2.3%
9,672
3.7%
27,739
7.2%
14,270
4.4%
18,645
6.4%
26,555
9.3%
27,692
6.1%
27,413
5.7%
32,863
7.1%
10,370
3.8%
3,765
3.6%
13,317
7.2%
Ch.Cat.
210
.5%
80
.8%
74
.5%
1,217
.8%
3,164
.9%
2,866
1.0%
2,268
.6%
6,001
2.2%
6,013
2.3%
6,164
1.6%
5,838
1.8%
9,032
3.1%
9,708
3.4%
8,172
1.8%
6,733
1.4%
7,406
1.6%
12,280
4.5%
10,773
10.3%
7,953
4.3%
Black
Crappie
210
.5%
102
1.0%
27
.2%
760
.5%
1,406
.4%
1,433
.5%
3,024
.8%
1,636
.6%
2,353
.9%
771
.2%
650
.2%
2,331
.8%
1,999
.7%
908
.2%
1,924
.4%
6,017
1.3%
7,368
2. '7%
1,569
1.5%
5,918
3.2%
Rb.
Trout
20,548
49.0%
4,951
50.4%
12,928
83.5%
122,259
80.4%
292,859
83.3%
238,419
83.2%
321,729
85.1%
190,117
69.7%
139,074
53.2%
255,816
66.4%
239,359
73.8%
215,589
74.0%
192,450
67.4%
376,342
82.9%
385,708
80.2%
327,239
70.7%
185,836
68.1%
49,682
47.5%
103,018
55.7%
Coho
136
.05
55,478
14.4%
1,946
.6%
1,165
.4%
285
.1%
Cult.
Trout Other
210
.5%
54
.6%
.2%
152
1.0%
352
.1%
286
.1%
379
.1%
136
.05%
262
.1%
2,570
.9%
454
.1%
481
.1%
463
.1%
2,183
.8%
740 925
.4% .5%
Total
152,064^
351.571J
286,561^
'1
378,060|
262,764*
261.418J
385,265j
324,335|
291,3371
285.534J
453,971]
480,9331
462,856 j
272,887j
104,5931
184,952,
'The catch composition is computed from Arizona and Nevada creel census data. Angler use figures are computed from a ten percent sampling of Nevada fishing j
license buyers. Angler use figures and harvest estimates are conservative, but they provide an index to determine trends in the fisheries. Jj
'The data presented for the years 1958-1961 are a summary of unexpanded creel census figures; all other years show expanded figures. II
M977 figures are based on 1976 expanded angler days and may be subject to change.
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FISH LIFE HISTORIES
_
THREADFIN SHAD
Taxonomy and Description
Taxonomy: The threadfin shad (Dorosoma pete-
nense) (Gunther) belongs to the herring family Clu-
pcidae which contains the shads and herrings (Eddy,
I9iv». This family comprises more than 125,000 species
which are primarily marine (Minckley, 1973).
Description: The species can be described as having
a deep, short, laterally compressed body. The head is
small with a rather pointed terminal mouth. Fourteen or
fifteen soft rays are found in the dorsal fin, the last being
a long filament that extends to the anus when bent
downward. The scales are large, thin and somewhat
crowded anteriorly. The ventral edge, comprised of
modi f ied scales, produces a sharp, serrated keel. The
cai. : ;;n is deeply forked with the lower lobe slightly
longci (La Rivers, 1962; Minckley, 1973). Threadfin
shad have a highly specialized digestive system. The
stomach is thick-walled and gizzard like. The intestine is
long, highly convoluted, and bears many pyloric caecae
(Minckley, 1973). Coloration is generally bluish black
or dark olive on the dorsal area. The sides and ventral
parts are silvery. A dark, black spot is present on the
sides near the head (La Rivers, 1962). The threadfin
shat! '.'•• similar in appearance to its close cousin the giz-
zar-.i shad (Dorosoma cepedianum). However, the
thr 'in grows to a much smaller size and the anal fin
ha^— -25 rays as opposed to 30-33 rays in the gizzard
shad (Eddy, 1969) (Figure 4).
Figure 4. Threadfin shad (Dorosomapetenense) (Gunther).
Native and Introduced Ranges
Native Range: The threadfin shad is native to the
"icrn United States from Arkansas and Tennessee to
uif of Mexico. The fish enters streams from Flor-
ida to Mexico and often penetrates far upstream (La
Rivers, 1962; Eddy, 1969).
Introduced Range: Threadfin shad have recently
been widely introduced into many waters outside their
native range. These small fish have become a popular
species for use in creating reliable forage for larger game
fish (Burns, 1966).
'ri-state agreement among the states of Arizona,
inia and Nevada in 1953 confirmed the need for
'iction of a forage species into the Colorado River
'ers, 1962). Certain criteria for a new introduc-
however, were to be met before any stocking could
occur. Requirements for the new forage fish introduc-
tion were as follows:
The fish must . . .
1. Not tie to the littoral zone during any part of its
life history.
2. Utilize open water plankton as a food source.
3. Not compete with sport fish at any time during its
life history.
4. Never grow out of forage class.
5. Be acceptable to sport fish as forage.
6. Be exceptionally prolific with an extended spawn-
ing period.
From these requirements, it was decided that the
threadfin shad might meet the needs (Trelease, 1956;
von Geldern and Mitchell, 1975).
The liberation of shad into the Colorado River waters
was made in 1954 and 1955 when Lakes Mead, Mohave,
and Havasu received fish (Trelease, 1956; von Geldern
and Mitchell, 1975). Lake Mead first received threadfin
shad in 1954 when 274 fish were released into Lake
Mead near Stewart Point. In 1955, Lake Mohave
received 6,500 fish. Also, in 1955, 11,000 more threadfin
shad were released into Lake Mead (Trelease, 1956).
The introduction proved successful in establishing the
species in both lakes (Trelease, 1956; La Rivers, 1962).
Reproduction
Spawning Time: The threadfin shad is an active fish
with a double or extremely long spawning period, spring
through fall, each year. Spawning activity generally
commences when the spring water temperatures reach
70° F. (21.1° C.) (Gerdes and McConnell, 1963; Lam-
bou, 1965; Kimsey, 1958). However, spawning has been
observed at 58° F. (14.4° C.) (Rawstron, 1964). Thread-
fin hatched in the spring may spawn the following fall
(Kimsey, 1958). In Lake Mead and Lake Mohave,
spawning commences in the spring and carries on
throughout the summer into the fall. Deacon et al.
(1972) reported accelerated gonad development begin-
ning in March and reaching a peak in April and June.
Decreased development occurred in July with a slight
increase taking place again in November. Some year
class II fish were found to spawn as early as May with
the main peak of spawning occurring in June. Year class
I fish were found to develop sexually much slower than
the older fish. Peak time of spawning for this age group
was July followed by a decline in activity in August. No
major gonad development occurred in the fall.
Age at Maturity: Threadfin shad grow and mature
quickly. Older fish generally develop and spawn earlier
in the year than the younger age classes (Deacon et al.,
1972). Threadfin may become sexually mature in less
than one year. Kimsey (1958) reported that individuals
hatched in the spring were mature spawners that fall.
Fecundity: Threadfin shad are extremely prolific.
The high reproductive potential of the species is
reflected by the rapid establishment of large populations
within the Colorado River waters (Minckley, 1973).
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Numbers of eggs in mature females range from 800
(Minckley, 1973) to over 12,000 (Burns, 1966), depend-
ing upon the size and age of the spawner. Females aver-
age about 2,300 eggs per gram of ovary (Minckley,
1973).
Spawning Behavior: Spawning activity for thread-
fin shad usually occurs in the early morning, two or
three hours after sunrise. Wind or wave action on the
water surface generally terminates the spawning actions
(Minckley, 1973). During spawning periods, large
schools of shad move along the shoreline in relatively
shallow water. Ripe females, generally much larger than
their attending males, leave the school to choose a suit-
able spawning site such as a clump of vegetation or
debris. The closely following males, numbering from
two to twenty, constantly harass the female. As the
group nears the selected substrate, the female begins
violent egg expelling sideways movements. The violent
action on occasion throws escorting males completely,
from the water. The splashing action continues for up to
five seconds. Following the spawning act, the female
then either rejoins the main group, circles and spawns
again, or continues on to select a new site. Depths at the
spawning sites generally vary from two to ten inches
(5-25 cm.), but occasionally rafts of woody debris
located over deep water are utilized. Rarely are the eggs
expelled at the surface in deep water (Minckley, 1973).
The eggs are adhesive and sink to the bottom and adhere
to debris or sink to a depth where the water equals their
density. At 80° F. (26.7° C.), hatching occurs in about
three days (Kimsey, 1958). The tiny, planktonic young
are about 0.15 inch (3.8 mm.) long and do not resemble
shad. The yolk sac is absorbed in about three days.
Metamorphosis from the larval to subadult stage occurs
at about one-half inch (1.3 cm.) in length (Burns, 1966).
High mortality involving both sexes of spawning shad
has been widely reported Possibly physiological stress
associated with spawning accounts for much of the mor-
tality (Minckley, 1973).
Operation of a mid-water trawl during 1972 and 1973
on the Boulder Basin of Lake Mead contributed evi-
dence of pelagic spawning. Numerous shad larvae were
collected near the basin center on a number of occasions
(Table 6 and Table 7) (Lake Mead Job Progress
Reports, 1971, 1972).
Food Habits
Threadfin shad are highly efficient foragers with the
ability to utilize a wide variety of food items (Deacon et
al., 1972). Items found in the stomachs of shad include
Crustacea of several species, algae, insects (La Rivers,
1962), plant and other organic debris, and sand (Has-
kell, 1959; Deacon et al., 1972). It appears that the sand
may actually be sought out to aid in the grinding and
Table 6.
Date
1/27/71
6/15/71
Summary of 23 surface and midwater trawls—Boulder Basin, Vegas Bay and Boulder Canyon—Lake Mead, 1971.
Depth Size range of Shad in catch Fathometer Indications
Time Feet (Meters) Catch Inches (Cent.) Feet (Meters)
1:45 p.m. 9' (2.7) 0 No fish
8:00 p.m. 9' (2.7) 0 Numerous individual fish
Surface-10' (3.0)
Numerous ind. 0-10' (0.3.0)
Masked by bottom echo
Numerous ind. 0-40' (0-12.2)
Scattered ind. 40-120' (12.2-36.6)
Scattered ind. 0-15' (0-4.6)
Few ind. 0-3-' (0-9.1)
Scattered ind. 30-120' (9.1-36.6)
Out of order
Out of order
Few ind. 0-70' (0-21.3)
Numerous ind. 0-60' (0-18.3)
Few ind. 0-50' (0-15.2)
Numerous ind. 0-30' (0-9.1)
6/15/71
6/15/71
6/30/71
6/30/71 ..
7/13/71
7/21/71
7/21/71
8/31/71
8/31/71
9/14/71
9/14/71
10/6/71
10/7/71
10/7/71
10/7/71
10/19/71
8:30 p.m.
9:45 p.m.
9:30 p.m.
10:40 p. m
9:20 p.m.
8:45 p.m.
.... 10:00 p.m.
9:35 p.m.
10:10p m
7:50 p.m.
8:40 p.m.
3:15 p.m
5:55 p.m.
7:35 p.m.
8:20 p.m.
7:15D.m.
9'
9'
9'
15'
9'
9'
9'
50'
9'
9'
13'
9'
9'
9'
18'
9'
(2.7)
(2.7)
(2.7)
(4 6)
(2 7)
(2.7)
(2 7)
(15 2)
(2 7)
(2 7)
(4 0)
(2 7)
(2.7)
(2 7)
(5.5)
(2/n
12
441
901
236
328
407
2,523
37
258
225
2,110
5 748
1,464
745
1,333
922
2.3-3.0
0.5-2.9
0.6-3.5
0 3-3.4
0.5-3.2
0.7-1.9
0 6-3 7
1 .4-2.3
1 0-2 5
0 5-3 5
0 5-3 7
0 7-3 0
0.7-3.0
0 8-3 7
1.4-4.1
0.9-3.5
(5.8-7.6)
(1.3-7.4)
(1 5-8.9)
( 8-8 6)
(1 3-8 1)
(1.8-4.8)
(1 5-9 4)
(3 6-5 8)
(2 5-6 4)
fl 3-8 9)
(1 3-9 4)
(1 8-7 6)
(1.8-7.6)
(2 0-9 4)
(3.6-10.4)
(2.3-8.91
10/19/71 8:15 p.m. 17' (5.2) 665 1.1-2.6 (2.8-6.6)
11/3/71 ll:30a.m. 9' (2.7) 0
11/3/71 l:50p.m. 9' (2.7) 93 0.5-1.7 (1.3-4.3)
11/3/71 2:45 p.m. 30' (9.1) 3 0.60.7 (1.5-1.8)
12/3/71 5:10p.m. 10' (3.0) 21 1.4-1.7 (3.6-4.3)
'Innumerable larvae.
Large schools 0-100' (0-30.5)
Numerous ind. 0-10' (0-3.0)
Scattered ind. 10-80' (3.0-24.4)
Numerous ind. 0-15' (0-4.6)
Numerous ind. 0-25' (0-7.6)
Scattered ind. 25-90' (7.6-27.4)
Numerous ind. 0-30' (0-9.1)
Scattered ind. 30-50' (9.1-15.2)
Schools 100-140' (30.5-42.7)
Scattered ind. 0-50' (0-15.2)
Small schools 0-70' (0-21.3)
Large schools 70-120' (21.3-36.6)
FISH OF LAKE MEAD AND LAKE MOHAVE 15
"I- Summary of 50 surface and midwater trawls—Boulder Basin, Vegas Bay and Boulder Canyon—Lake Mead, 1972.
Date
1/6/72
1 /6/72
1/20/72
1/20/72
1/20/72 6
2/17/72 5
2/17/72 °? r 7: 7
7
j/30/ 72 8
3/30/72 9:
4/26/72 7
4/26/72 8
Time
:45 p.m.
:15p.m.
:00p.m.
-.20 p.m.
:55p.m.
30p.m.
:45 p.m.
20p.m.
10p.m.
;45 p.m.
30p.m.
20p.m.
25 p.m.
6/13/72 9:55 p.m.
6/13/72 8:45 p.m.
6/22/72 1:00 p.m.
6/2 ; 11:10 a.m.
6/28, "ii 11:40 a.m.
6/28/72 2:00 p.m.
6/29/72 7:10 p.m.
6/29/72 8:30 p.m.
6/29/72... 9:10 p.m.
7/13/72 7:45 p.m.
7/1''""'. 8:15 p.m.
7/1.-. : 9:00 p.m.
8/2/72 7:00 p.m.
72/72 7:45 p.m.
V2/72 8:50 p.m.
8/17/72 7:15 p.m.
8/17/72 7:45 p.m.
8/17/72 9:00 p.m.
8/23/72 2:00 p.m.
Depth Feel
5
20
5
10
20
20
20
5
25
20
5
20
5
10
5
20
20
10
5
5
10
5
20
35
5
5
20
5
20
20
10
5
Size Range of Shad in Catch
d::; \;;ion of food (Kimsey et al., 1957; Minckley, 1973).
Individual food items appear selected rather than taken
passively as has been reported for other members of the
clupeid family (Leong and O'Connell, 1969).
Lake Mead threadfin shad have been found to utilize
a wide variety of food items. Plant debris and other
organic detritus were found to constitute a major por-
tion of the diet the year around. Phytoplankton and
algae were also identified in the diet. Zooplankton
apr -ared in the diet throughout the year and was an
]n tant food source. Sand was also found in stom-
aws primarily during the summer. The numbers of zoo-
plankton found in the stomachs were low in comparison
to the other food items found. However, the nutritional
value of the larger zooplankton may be considerably
more valuable than for the other food items (Deacon et
al., 1972) (Table 8 and Table 9).
A and Growth
:eadfin shad are generally small in size and short-
-<i. Threadfin have been aged to three years old with a
rong probability of older fish occurring (Deacon et
al-» 1972). Maximum sizes for shad rarely exceed
Depth Meiers Catch— No. Fish
l
6
l
3
6
6
6
1
7
6
1
6
1
5
1
5
0
1
1
1
5
6
1
5
1
5
3.0
3).
)
n
l
»ly
rt
i
4
1
6
6
3
1
1
3
1
6
10
1
1
6
1
6
6
3
1
5
1
1
0
.5
5
0
5
1
7
5
5
1
5
1
1
0
5
0
45
0
7
30
0
2
3
3
7
1
0
1 Shad
1 Cutthroat Trout
1 Shad
2 Blk. Crappie
0
1 1 Shad
7 Crappie
22
2,282
487
81 5 Shad
2 Crappie
16 Shad
5 Crappie
154 Shad
31 Crappie
43 Shad
1 Crappie
8
105
70
0
16 Shad
1 Crappie
25 Shad
1 Crappie
198
65
o
Inches
1.3-2.0
1.4-3.0
1.4-3.4
1.8- .9
1.5- .8
1.4- .8
1.5- .8
.5
6.0
3.0
.9-1.0
.3-.6
.6-.8
.3-.9
.6-2.2
.4-2.6
.4-1.8
.4
.4-1.0
1.1-1.4
.4-2.5
.7-1.8
.7-2.2
1.4
.9-2.5
.6-2.7
.8-1.4
.9-2.6
3.2
.9-2.2
2.8
.9-2.7
1 .0-2.4
(Cent.)
(3.3-5.1)
(3.6-7.6)
(3.6-8.6)
(4.6-4.8)
(3.8-4.6)
(3.6-4.6)
(3.8-4.6)
(3.8)
(15.2)
(7.6)
(2.3-2.5)
( .8-1.5)
(1.5-2.0)
( .8-2.3)
(1.5-5.6)
(1.0-4.1)
(1.0-4.6)
(1.0)
(1.0-2.5)
(2.8-3.6)
(1 .0-6.4)
(1.8-4.6)
(1.8-5.6)
(3.6)
(2.3-6.4)
(1.5-6.9)
(2.0-3.6)
(2.3-6.6)
(8.1)
(2.3-5.6)
(7.1)
(2.3-6.9)
(2.5-6.1)
Table 8. Listing of genera identified in diet analysis of threadfin
shad from Las Vegas
5, 1971 (Deacon et al
CHLOROPHYTA
Ulothrix
Crucigena
Actiniastrum
Ankistrodesmus
Scenedesmus
Tetradesmus
Chlamydomonas
CHRYSOPHYTA
Cymbella
Brebissonia
Asterionella
Diatoma
Diatomella
Fragilaria
Cyclotella
Stephanodiscus
Synedra
Navicula
Rhapalodia
Amphora
Stausoneis
Susisella
Denticula
Melosira
Bay, February 25, 1971-August
., 1972).
CYANOPHYTA
Synechocystis
PYRROPHYTA
Peridinium
Ceratium
CLADOCERA
Bosmina
Daphnia
COPEPODA
Cyclops
ROTIFERA
Keratella
HYCRACRINA
Acrina
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Table 9. Percentage occurrence of various food items in the diet of threadfin shad from Lake Mead (Deacon et al., 1972).
Hydra- Chloro- Chryso- Cyano-
Month
February
March
April
May
June
July1
August
Proto-
zoa
012
.037
... .036
200
Clado-
cera
8.600
1.650
.650
.022
1.320
.012
Cope-
poda
1.280
.072
.800
.090
Roli-
fera
012
.720
080
022
crina
.02
.05
phyla
3.30
.07
16.44
31.80
29.20
21.10
phyla
9.97
75.70
18.23
16.80
3.71
.26
2.10
'Collected by Nevada Department of Fish and Game trawling.
inches (10.2 cm.), however, larger individuals over 7
inches (17.8 cm.) in length have been found (Kimsey et
al., 1957; Minckley, 1973). Eddy (1969) reports maxi-
mum lengths of 8-10 inches (2.3-25.4 cm.) for threadfin
shad.
Growth rates between the sexes is fairly consistent
(Minckley, 1973). However, females usually grow larger
than males. Differential mortality, selecting against the
males, possibly accounts for this disparity (Minckley,
1973).
Threadfin grow very little during the cold months of
the year (Deacon et al., 1972). Growth generally
resumes in April or when the water warms to a suitable
temperature and continues through the summer into fall
(Deacon et al., 1972; Minckley, 1973). The factors con-
trolling the length of the growing season appear to be
density dependent in the large, established threadfin
populations. Possibly intraspecific competition for food
influences cessation of growth (Minckley, 1973).
In Lake Mead, three age classes have been identified
with possibly another older age class being present.
Class I (1 -year-old shad) were found to attain lengths of
1.4-2 inches (3.5-5.0 cm.) (TL) during their first year of
growth. Two-year-old shad grew to about 3.1 inches
(8.0 cm.) (TL) during the second year. The class III
reached lengths of 5.3-5.9 inches (13.5-15.0 cm.) (TL).
Other larger and, possibly, older fish have been col-
lected from Lake Mead; however, due to the infre-
quency of their occurrence, reliable aging was not
possible (Deacon et al., 1972).
Distribution and Movement
Distribution: Since their introduction to the reser-
voirs of the lower basin of the Colorado River in 1954
and 1955, threadfin shad have become well established.
By 1956, the species was distributed the entire length of
the Colorado River from Lake Mead and Lake Mohave
to Mexico (La Rivers, 1962).
In Lake Mead, the Las Vegas Bay area historically
has been an area of high shad concentration. The
remainder of the Boulder Basin also contains good pop-
ulations of shad. In Lake Mohave, the cold water sec-
tion from near Eldorado Canyon to Hoover Dam
supports only a seasonal population of shad. In the
spring and summer, large numbers of adult threadfin
"run" into the area, apparently to spawn. At other
times of the year, very few shad can be found in this
area of the lake. A large population of shad inhabits the
remainder of Lake Mohave the year around.
-
phyla
13.20
3.32
Pyrro-
phyta
45.600
.002
1.180
.040
Ephip-
pia
.098
.020
.022
.010
.075
Plant
debris
31.10
20.60
76.10
65.68
63.60
53.60
30.30
Animal
rem.
.077
.932
2.310
.003
1.580
Sand
12.5
Movement: The threadfin shad is an active fish with
a definite schooling tendency throughout its life. The
instinct for schooling begins early in life following meta-
morphosis from the larval to subadult stage. During the
daylight hours, the large schools of shad remain lim-
netic, moving over relatively deep waters. At night the
schools disperse, especially during dark, moonless peri-
ods, and move throughout the upper water strata over
shallow as well as deep water. On bright moonlight
nights, their behavior is similar to that observed in day-
light (Minckley, 1973). In lake habitats, threadfin shad
generally occupy the upper 50 feet (15.2 m.) of water,
preferably in the limnetic zone (Burns, 1966). Cooling
water temperatures result in a drastic change in shad
behavior. From about October to April or May, the fish
leave the surface area and descend to the deeper water.
Dense schools of shad can often be located in the Boul-
der Basin of Lake Mead at a depth of 160 feet (47.5 m.)
during late winter. Fathometer observations have been
confirmed by charting and tracking these schools until
they rise and disperse at the surface after dark. During
periods of extreme cold, movement is markedly
impaired (Minckley, 1973), and death may occur if the
water temperature falls too low (Parsons and Kimsey,
1954).
Threadfin shad are attracted to areas of current.
Often, large concentrations are found below dams and
inlets. In streams, they orient themselves facing into the
flow; and in the circular eddies, they maintain position
by moving in circles (Burns, 1966). In Lake Mohave,
shad are often concentrated near the point of underflow
during the period of lake stratification. The cold river
water sliding under the warm lake water creates an opti-
mum situation for obligate planktivores and predatory
fishes.
Importance to Fishery
Threadfin shad are an important species in Lake
Mead and Lake Mohave. Their importance is not
derived from a sport or game fish status but from that of
a valuable forage species. The reason for introduction
of shad into the Colorado River waters was to provide a
small, planktivorous, highly prolific fish as forage for
the larger game species, especially largemouth bass
(Minckley, 1973). Following their introduction in 1954
and 1955, the shad rapidly increased in numbers. By
1956 they had become established, and a sound forage
base was created for game fish (La Rivers, 1962). That
same year, game fish of all species were found heavily
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usuig the shad as forage (Trelease, 1956). Largemouth
bass (Deacon et al., 1972; Johnson, 1974), black crappie
(Deacon et al., 1972), striped bass (Lake Mead Job
Progress Report, 1976), and trout (Lake Mohave Job
progress Report, 1976) all feed on threadfin shad. Large
bluegill (Goodson, 1965) and channel catfish (Burns,
1966) also utilize shad as forage. This has resulted in
better growth and body condition of the game species.
rhreadfin shad are also allowed for use as baitfish in
L a - - ; Mead and Mohave. Although not as commonly
used as some other baitfishes, they do receive some use
(Espinosa and Deacon, 1969).
Miller (1971) first produced evidence that shad may
not have a completely beneficial impact on a largemouth
bass fishery. It was felt that the presence of shad may
depress the growth rates of young bass. Interspecific
competition between shad and young bass has also been
dr ••mented from Millerton Lake, California. It was
ft : that bass hatched in June were forced to compete
directly with shad for food. Since shad are more
efficient foragers, the young bass suffered high mortality
(von Geldern and Mitchell, 1975).
There is no evidence that shad supress or compete
with young bass in Lake Mead or Lake Mohave (Lake
Mead and Lake Mohave Job Progress Reports, 1976).
Threadfin shad in both Lake Mead and Lake Mohave
exhibit a strong tendency to a pelagic nature. Like most
ob' ite planktivores, they are independent of shore-
liii.. Dottom or reef situations. Underwater observa-
'ions during largemouth bass survival studies have not
,hown concentrations of shad in habitat that is critical
for survival of bass fry. Very little competition is evi-
dent between the obligate planktivores and the facul-
tative bass fry.
RAINBOW TROUT
T ',"tomy and Description
taxonomy: The rainbow trout (Salmo gairdneri)
(Richardson) belongs to the family Salmonidae which
contains the salmons, whitefishes, graylings, chars, and
trouts (Eddy, 1969).
Description: Rainbow trout are easily identified by a
combination of characteristics. The body is elon-
gate, rather deep, and compressed. The fish's head is
usually quite short in relation to the body length
(M :kley, 1973). The mouth contains well developed
te^ :, especially in larger, older fish, and coarse stubby
gill rakers. Rainbow trout are fine-scaled fishes, possess-
mg the characteristic fleshy, salmonid, adipose fin. An
axillary process is found at the base of each pelvic fin
(Eddy, 1969). The pelvic fin rays typically are ten in
number (Minckley, 1973).
Coloration in rainbow trout varies widely depending
upon habitat, geographic locale, age, and food avail-
abi ' ; 'v (Reece, 1963; Walden, 1964). Usually, the rain-
:s olive to greenish-blue above and silvery below.
•3 each side is a prominent red or pink streak, which
•"nost pronounced during spawning season. Small, dis-
'inct black or brown irregular spots cover the sides and
back including both the dorsal and caudal fins (Sigler
and Miller, 1963) (Figure 5). Nonmigratory rainbows
may show extreme variation in outward appearance.
Fish from clear lakes may lack spots completely and be
very silvery in color. Stream fish tend to be heavily
spotted and may be very darkly colored (Buszek et al.,
1965). Immature individuals have dark longitudinal
parr marks on the sides thai eventually disappear (Eddy,
1969). In salt water, the steelhead acquires a silvery
overcast and loses the vivid distinguishing coloration.
Shortly after entering fresh water, the steelhead once
again takes on the freshwater coloration (Walden,
1964).
Figure 5. Rainbow trout (Salmo gairdneri) (Richardson).
The rainbow trout is a widely variant species. Numer-
ous strains and forms occur from location to location.
The forms range from large, silvery anadramous steel-
head to small, dark colored inhabitants of small
streams. The different strains of rainbow include: steel-
head, Kamloops, Shasta, Kern River, and Eagle Lake
(Needham and Card, 1959: Miller, 1950). Because of
crossbreeding and widespread transplanting, the origi-
nal native forms are now generally unrecognizable
(McAfee, 1966).
The rainbow is closely related and similar in appear-
ance to the cutthroat trout (S. clarki). Several reliable
differences easily distinguish the two species (McAfee,
1966; Miller, 1950):
Rainbow
1. Basibranchial teeth absent.
2. Reddish slash under mandible absent or
indistinct.
3. Typically 120-140 scales in lateral line.
4. Typically 10 pelvic fin rays.
Cutthroat
1. Basibranchial teeth present.
2. Reddish slash under mandible present (May be
absent in some forms).
3. Typically 150-180 scales in lateral line.
4. Typically 9 pelvic fin rays.
Native and Introduced Ranges
Native Range: The rainbow trout is a native North
American species. It ranged naturally along the Pacific
coast from the mountains of northern Mexico to south-
ern Alaska (Needham and Gard, 1959; Sigler and
Miller, 1963; Reece, 1963; Buszek et al., 1965; La
Rivers, 1962; Eddy, 1969). Several forms also occur in
18 FISH OF LAKE MEAD AND LAKE MOHAVE
the Great Basin, and another inhabits the upper Ath-
abasca River in British Columbia (Lindsey, 1956). The
fish is also native to the rivers and streams along the
Asian shores of the Bering Sea (Reece, 1963; Walden,
1964).
Introduced Range: Because of the popularity of the
species as a sport fish, rainbow trout have been widely
transplanted to other waters throughout North America
and the rest of the world. In the United States, it now
thrives throughout the Rocky Mountain region, in the
east and midwest, and as far south as the mountainous
areas of North Carolina, Tennessee, and other sou-
thern states. The fish has also been transplanted to
Hawaii. Rainbow have also been introduced widely
across Canada from Newfoundland to the Hudson Bay
and James Bay, and westward (Walden, 1964; McAfee,
1966; Eddy, 1969). Introductions have also been made
into Europe, southern Asia, Japan, Australia, New Zea-
land, and Africa (La Rivers, 1962; McAfee, 1966; Wal-
den, 1964).
Although no official plantings of the species were
made into Lake Mead prior to 1969, rainbow were taken
occasionally by anglers. It was believed that these fish
were downstream migrants from the Colorado and Vir-
gin rivers (Moffett, 1943; Wallis, 1951; Jonez and Sum-
ner, 1954). Jonez and Sumner (1954) reported the
possibility of an unauthorized introduction of trout into
Mead by a private individual. However, the exact num-
ber, species and date of this plant were unknown.
Beginning in 1969, rainbow trout were intentionally
stocked into Lake Mead by the federal government and
the states of Arizona and Nevada. This stocking pro-
gram has continued to the present time (Lake Mead Job
Progress Report, 1977) (Table 10).
Table 10. Rainbow trout stocked into Lakes Mead and Mohave
(Arizona and Nevada fish stocking records).
MEAD
Number
80,177
153,823
150,696
180,486
Year
1969
1970
1971.....
1972..
1973.....
1974 254,240
1975 801,861
1976 650,395
1977.... 144,321
172,477
MOHAVE
Year Number
1935-50' 3,714,054
1951-1954 4,288,884
1955 86,160
1956 55,284
1957 84,277
1958 175,818
1959 481,119
1960 164,160
1961 225,963
1962 128,283
1963 474,650
1964 602,935
1965 1,353,130
1966 455,189
1967 435,937
1968 417,101
1969 447,824
1970 432,525
1971 369,272
1972 845,482
1973 504,441
1974 523,897
1975 593,933
1976 501,737
1977 896,651
'Stocked before formation of Lake Mohave.
Following the completion of Hoover Dam in 1935|
the Colorado River below the dam developed into a ve
suitable trout stream. Stocking of rainbow trout into the
area began that same year. Even after the completion of
Davis Dam and formation of Lake Mohave in 19511
stocking of rainbow has continued to the present timq
(Lake Mohave Job Progress Report, 1977) (Table 10).
Reproduction
Spawning Time: The rainbow trout is a spri
spawning species. The spawning period may extend ovi
several months, however, depending upon locality, ele-
vation, and water temperature (La Rivers, 1962). Gener
ally, spawning occurs from February to June with April
probably being the peak of the season in temperate,
waters (Walden, 1964). In areas of high elevation
low water temperatures, spawning may not occur until]
July or early August (Evans, 1944; Lewis, 1944). Defi
nite fall spawning strains of rainbow have been devel
oped and used by hatchery personnel. Selective breeding
by fish culturists has resulted in fish ripening the yi
around (Leitritz, 1959).
Both spring and fall spawning rainbow trout are pr&
sent in Lake Mohave. Spring spawning "runs" usuall;
begin during December and last until March. Anotto
group of fall spawning fish occurs in August and Sei
tember (Jonez and Sumner, 1954).
Age at Maturity: Sexual maturity in rainbow troui
is highly variable between populations and strains
Rainbow generally reach maturity from 1 to 6 years o
age. Most nonanadramous fish usually spawn at age 3
while the anadramous steelhead usually matures at 3 t
4 years of age. Males mature younger, often at age
than do the females which mature at 2 to 6 years of ag<
(Greeley, 1933; Mottley, 1947; Minckley, 1973).
Size at maturity is also extremely variable, ranging1
from 5-inch (12.7 cm.) mature individuals in small^
streams (Wales, 1954) to individuals maturing at
weights of over 10 pounds (4.5 kg.) in some lakes and
rivers. Generally, mature resident stream rainbow
less than 1 pound (.45 kg.) with large water rainbow
usually maturing at 1 to 3 pounds (.45-1.36 kg.)
(McAfee, 1966). Rainbow spawn once a year and may;
spawn several times during their lives, not necessarily,
consecutively (Greeley, 1933).
Fecundity in rainbow trout varies greatly depending
upon the size of the fish. Very small females may pro-
duce only 200 eggs while larger females may produce
9,000 or more. Fish under 1 pound (.45 kg.) usually con-
tain less than 1,000 eggs, 3 to 4-pounders (1.36-1.8 kg.)
produce 2,000 to 4,000, and 10-pound (4.5 kg.) females
may contain over 8,000 eggs (Mottley, 1947; Needham,
1938; Nicholls, 1958; Simon, 1946).
Nesting Requirements: Spawning by rainbow trout
is almost always carried out in streams where the neces-
sary current occurs. The female trout selects and con-
structs the nesting site. The redd (nest) is constructed in
a gravelly substrate along a fast riffle or in the tail of a
pool. Clean, flowing water is vital to prevent silting of
the redds and to provide the necessary oxygen to the
I
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°ggs (Walden, 1964). The redd is dug by the female
rning on her side and displacing the gravel with rapid,
-vertical tail movements. The nest, when complete, may
vary from several inches (cm.) to over a foot (0.3 m.) in
depth and several feet (m.) in diameter, depending on
the size of the female. Immediately following the
spawning act, the female covers the eggs with gravel dis-
lodaed by the digging of other redds farther upstream
a;icf o the sides (Needham and Taft, 1934). Trout do
not guard their nests. The covered eggs are left to
develop on their own (Briggs, 1953; Greeley, 1932;
Needham and Taft, 1934; Shapovalov and Taft, 1954).
In the Boulder Basin area of Lake Mead very little
spawning habitat is available for trout. The outflow
stream from the Lake Mead Hatchery does provide a
very limited amount of spawning habitat. Rainbow have
been observed spawning in small numbers in the outlet
st:;•..-!m during past years. At times, the outflow stream
ha een used to capture ripe spawners for egg taking
purposes. Those eggs taken were moved to the Lake
Mead Hatchery where they were hatched and reared for
reintroduction into Lake Mead (Lake Mead Job Prog-
ress Report, 1976).
Prior to the formation of Lake Mohave, approx-
imately 40 miles (64.4 km.) of gravel-bottomed stream
were usable for trout spawning. Rainbow were observed
spawning throughout the area. Following the formation
o > ' ike Mohave, less than 2 miles (3.2 km.) of spawn-
ing habitat remained. This segment of water below
"over Dam remains lotic during normal water level
operations, and a few trout have been observed on redds
where suitable gravel and velocity conditions persist.
However, most of the spawners in the lake do not
attempt to spawn and, eventually, shed or reabsorb
their eggs (Jonez and Sumner, 1954). Recruitment to the
trout fishery from spawning is insignificant, and the
q",3lity fishery is maintained by stocking catchable size
t," -,;i.
Spawning Behavior: During the excavation of the
redd, the female is attended by one or more males. A
dominant male assumes a position of guarding slightly
downstream from the female. The other smaller males
wait farther behind and to the sides. The dominant male
chases away intruders and courts the female, occasion-
ally rubbing her with his snout. During the short spawn-
ing act, the male and female settle into the redd with
t1 - bodies close together and deposit eggs and milt
•'•" ..ultaneously. Occasionally, a second male assumes a
position on the other side of the female and participates
in the act. Not all the eggs are expelled at once. Addi-
tional redds are dug ahead of the first, and spawning is
repeated. A single female may complete spawning in less
than 12 hours or may take as long as a week (Needham
and Taft, 1934).
During the process of spawning, the fish involved may
s' rer much physical trauma. The female often sustains
nsive body bruising and fin fraying (Walden, 1964).
^ male and female lose considerable weight during
spawning period. The amount of loss varies with
sex, number of previous spawnings, and maturation
time. Females may lose one-third of their prespawning
weight (Rayner, 1949). The distance to the spawning
ground and time spent traveling, also, in many instances
explain why some fish deteriorate more than others
(McAfee, 1966).
Spawning in rainbow trout is usually very efficient.
Very few eggs are retained by the female or left unfertil-
ized. Fertilization usually exceeds 98 percent (Briggs,
1953; Greeley, 1932; Needham and Taft, 1934; Sha-
povalov and Taft, 1954). Survival of the eggs in the
redds depends upon a sustained movement of water and
dissolved oxygen through the gravel (Minckley, 1973).
As long as the eggs remain in the gravel-covered redd,
survival is good, being estimated at 90 percent or better.
However, with the emergence of the freeswimming fry,
mortality increases dramatically. Predators consume
great numbers of the small fish. Of ten thousand fertil-
ized eggs, possibly no more than two ever become
mature fish (Walden, 1964).
The incubation period of the eggs varies with water
temperature. At 40° F. (4.4° C.), eggs begin hatching in
about 80 days; at 60° F. (15.6° C.), eggs hatch in 19
days. The hatching period also lasts longer at lower
water temperatures. At 42.3° F. (5.7° C.), the hatching
period may last 14 days; while at 63.7° F. (17.6° C.), the
hatching period is only about 3 days. Egg development
is best at temperatures ranging between 42° F. (5.6° C.)
and 56° F. (13.3° C.) (Embody, 1934).
Incubation period of rainbow trout eggs (Embody, 1934).
A verage hatching lime
(days)
Water temperature
(degrees F.) (degrees C.)
40
45
50
55
60
4.4
7.2
10 0
12.8
15.6
. 80
48
31
24
19
The fry emerge from the gravel after hatching and
absorbing their yolksac. At the time of emergence, the
fry are approximately one-half inch (1.3 cm.) in length.
They remain near the hatching site for a short time,
tending to school at first and then becoming more soli-
tary and distributed (Shapovalov and Taft, 1954).
Rainbow trout naturally hybridize with cutthroat
(Salmo clarki) and golden (Salmo aquabonita) trout.
Other crosses such as rainbow x brown and rainbow x
brook have been tried by fish culturists, but they do not
occur naturally (Buss and Wright, 1956).
Water Quality: Rainbow trout prefer well oxygen-
ated, cool waters. The fish can survive at low oxygen
levels if the temperature is suitable. They also can sur-
vive moderately high water temperatures if the oxygen
content of the water is suitable. For example, lethal oxy-
gen levels ranged from 1.05 ppm at 52° F. (11.1° C.) to
1.51 ppm at 68° F. (20.0° C.) (Burdick et al., 1954).
Rainbow tolerate temperature extremes ranging from
32° F. (0° C.) to over 80° F. (26.7° C.). However, they
prefer temperatures below 70° F. (21.1°C.). The upper
lethal limit varies from the mid 70's F. (21.1° C.) to the
mid 80's F. (26.7° C.) depending on the oxygen content
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of the water, size of the fish, and the degree of acclima-
tion. Needham (1938) noted that 83° F. (28.3° C.) was
the lethal maximum.
Lethal temperatures develop in the epilimnion of
Lake Mead and the basin areas of Lake Mohave during
summer stratification. However, suitable temperature is
present within the thermocline or the hypolimnion.
A negative heterograde oxygen profile develops in the
Boulder Basin of Lake Mead during summer stratifica-
tion. The low oxygen levels that are present during this
period in a mid-water zone are evidently not responsible
for the decline in the trout fishery. Oxygen deficiencies
were present at the same relative depth during the pro-
ductive trout fishing years of 1969 through 1974.
An August, 1970 inventory with a vertical gill net near
Hoover Dam was very successful. A total of eight rain-
bow trout were taken at depths from 110-135 feet (33.5-
41.1 m.). This represented a significant concentration of
fish, and those were taken only in a 25' X 18'(7.6x5.5
m.) section of the net. Corresponding water temper-
atures were 57-58° F. (13.9-14.4° C.). Also recorded
was a low oxygen thermocline just above this concentra-
tion of fish. Water temperatures above (60 feet) (18.3
m.) had increased to 76.5° F. (24.7°.). The oxygen con-
centration at the trout level was 5.9 ppm which
decreased to 3.6 in the midst of the thermocline.
Threadfin shad were present in the stomach samples,
indicating either their presence at this level or that the
trout were foraging up into the area above the thermo-
cline (Lake Mead Job Progress Report, 1970).
Food Habits
Rainbow trout consume a wide variety of food items.
The occurrence of items in trout stomachs depends
upon several factors including food availability, envi-
ronment, season, and size of the fish. Aquatic and ter-
restrial insects, zooplankton, and fish are usually the
most significant food items in the diet. Other foods
include oligochaetes, mollusks, amphipods, and plant
material. These latter organisms could be important in
certain waters or at certain times of the year (Burdick
and Cooper, 1956; Hazzard, 1935; Idyll, 1942; Metze-
laar, 1929; Needham, 1934; Rawson and Elsey, 1950).
Smaller rainbow feed primarily on invertebrates, plant
material, and very small fish. Larger individuals are
more piscivorous, usually feeding heavily on small fish
(Sigler and Miller, 1963; Eddy, 1969). Rainbow trout
are also known to feed upon members of their own
kind, especially small, unwary hatchery-reared fish
(McAfee, 1966).
In Lake Mead, some seasonal dietary change has been
found to occur. During the winter months, chironomids
were the most frequently found items followed by
threadfin shad. During the spring months, threadfin
shad became the most important item followed by chi-
ronomids and small green sunfish. Detritus was also
found in stomachs at this time. During the summer
period, threadfin shad continued to be the most impor-
tant food item. Chironomids were also occasionally
found during this time (Deacon et al, 1972) (Table 11).
Jonez and Sumner (1954), during their pre-shad study,
noted that algae and zooplankton were the most impor-
tant food items for trout at that time.
Ongoing food habit studies in Lake Mohave indicate
that threadfin shad and chironomids are the most
important food items, depending upon the time of year
and location. Threadfin shad were found to be the most
important food item in the warm water areas. Chirono-
mids were the most important item in the cold water
areas. The occurrence of shad in stomachs is greatest
during the April-December period. Amphipods and
snails have also been found occasionally in stomachs
collected from fish from the cold water areas of the lake
(Lake Mohave Job Progress Report, 1976; Lake Mead
and Lake Mohave Job Completion Reports, 1960-1961;
Lake Mohave Job Completion Report, 1963).
Age and Growth
Age structure and growth rates among rainbow trout
populations can vary tremendously. Several environ-
mental factors are important in influencing age and
growth. These include: habitat type, water temperature,
food availability, age at maturity, population density,
spawning conditions, and sex (Mottley, 1947; Minck-
ley, 1973; McAfee, 1966; La Rivers, 1962, Walden, 1964).
Rainbow live a maximum of 7 to 11 years (Burdick
and Cooper, 1956; Greeley, 1933; Shapovalov and Taft,
1954; Wales, 1946); however, in areas of heavy fishing
pressure, few fish live beyond age 4 (McAfee, 1966).
Growth rates are generally faster in large bodies of
water and slower in small streams. Inhabitants of large
rivers and lakes may grow to more than 30 pounds (13.6
kg.) while an adult from a small stream may measure
only 8 inches (20.3 cm.) in length (Mottley, 1947). The
rate of growth varies seasonally depending upon water
temperature. In waters of higher temperature through-
Table 11. Stomach contents expressed as percentage frequency of occurrence of each food item found in stomachs of rainbow trout from
Lake
Food Organism January February March
No. Examined 3 11 19
Empty 66.6 45.4 10.5
Threadfin Shad 33.3 1.8 10.5
Chironomid 36.3 73.7 30.8
Odonata .5
Ephemoptera .5
Green Sunfish
Fish remains .5
Detritus 5.2
Mead (Deacon et al., 1972).
April May June July August
13 16 4 1 24
30.7 12.5 25:0 100.0 12.5
76.9 31.2 75.0 40.0
.7
.7
12.5
12.5
.6
September
18
17.7
.6
December
2
50.0
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>• •' the year, growth remains constant; whereas, in
;rs of fluctuating seasonal temperature, growth is
flowed during the winter (McAfee, 1966). In many
instances, growth declines due to a lack of suitable for-
age (Minckley, 1973) or'after sexual maturity is reached
(La Rivers, 1962; Mottley, 1947). Growth may also be
density related. Faster growth occurs where population
di-nsities are low in relation to available food (McAfee,
H, ..:.!. Spawning also adversely affects growth. The
exunt and duration of the spawning period subjects the
fish to unusual physical stress (Walden, 1964). Females
tend to live longer than males and may grow faster and
to larger sizes (Minckley, 1973). Age structure and
growth rates for several western North American waters
are shown for comparison (Table 12).
Determinations of rainbow trout growth rates for
Lakes Mead and Mohave are complicated by several
f; :rs. Both lakes have been managed on a put-grow-
tav. oasis. Growth rate is influenced by age at stocking,
size at stocking, stocking season, and to some degree by
stocking location. Additionally, a high harvest rate and
natural loss limit the number of marked trout that sur-
vive to Class II.
Generally, rainbow trout that are stocked from local
fish rearing installations attain catchable size of 8 to 10
inches (20-25 cm.) as advanced Class 0 or Class I prior
to r.elease. Extensive trout marking programs on both
lakes have shown good to excellent growth during lake
residence for most groups of rainbow (Table 13).
Distribution and Movement
Distribution: Rainbow trout inhabit a variety of
waters including streams, lakes, and reservoirs. Stream
populations inhabit waters ranging from small brooks
to large rivers. Lake residents do well in small alpine
ponds, small fertile reservoirs, and in large, low eleva-
tion "two story" impoundments (such as Lake Mead
and Lake Mohave). Distribution of rainbow in these
waters is influenced by water temperature, feeding
habits, and strain (McAfee, 1966). Prior to 1969, rain-
bow were occasionally seen in many sections of the lake.
These fish were thought to be downstream migrants
from the Colorado and Virgin rivers (Moffett, 1943;
Wallis, 1951; Jonez and Sumner, 1954; Lake Mead Job
Completion Report, 1968).
Rainbow trout have been stocked into Lake Mead
since 1969. From 1970 through 1975, rainbow trout
were found commonly throughout all sections of the
Table 12. Growth rates of rainbow trout from waters of the western United States and Canada.
M •••• .< i-ed Lake, California
.ivict Lake, California
Snag Lake, California
Upper Salmon Lake,
California
C^tle Lake, California
11 owley Lake, California....
Type of
Reference measurement
..Reimers et al., 1955 T. 1.' at annulus
..Reimers et al., 1955 T.I. at annulus
..Everest, 1965 F.L.2 at capture
..Boles and Borgeson, 1965 F. 1. at capture
..Wales and Borgeson, 1961 F.I. at capture
..Pister, 1965 T. 1. at annulus
West Gallatin
River, Montana
(elev. 4,155-5,190 feet) Purkett, 1951 T. 1. at annulus.
West Gallatin
River, Montana
(elev. 6,000-7,100 feet).....
.-.e River, Idaho
< eservoir tailwaters)
.Purkett, 1951 T. 1. at annulus
...Irving and Cuplin, 1956 T. 1. at annulus
Pyramid Lake, Alberta Rawson and Elsey, 1950
6.1
(15.5)
6.6
(16.8)
10.1
(25.7)
Length in inches (cm.) at each age
I
3 6
(9 1)
3 8
(9 7)
6 1
(15.5)
2
5.7
(14.5)
6.4
(16.3)
9.7
(24.6)
3
7.7
(19 6)
11.1
(28.2)
12 4
(31.5)
4
9.3
(23.6)
17.3
(43.9)
S 6
10.6
(26 9)
19 7
(50.0)
7
7.8
(19.8)
8.3
(21.1)
15.8
(40.1)
8.9
(22.6)
9.3
(23.6)
19.9
(50.6)
3.4 7.4
(8.6) (18.8)
3.1 6.1
(7.9) (15.5)
5.1 10.3
(13.0) (26.2)
2.4 5.3
(6.1) (13.5)
13.8
(35.1)
7.5
(19.1)
Fish Lake, Utah Hazzard, 1935 Length at annulus...
^ouri River, Montana Kathrein, 1951 T.I. at annulus
'Total length.
'Fork length.
(11.4)
2.9
(7.4)
3.2
(8.1)
(30.5)
7.5
(19.1)
7.9
(20.1)
(43.2)
12.4
(31.5)
11.1
(28.2)
9.9
(25.2)
11.5 14.5 17.2
(29.2) (36.8) (43.7)
9.4 12.0 13.2
(23.9) (30.5) (33.5)
18.4
(46.7)
9.3
(23.6)
Okanagan Lake, British
Columbia (Kamloops) Clemens, 1939 T.I. at annulus 4.5 12.0 17.0 22.5
(57.2)
15.4
(39.1)
13.5
(34.3)
19.2
(48.8)
11.6
(29.5)
28.0
(71.1)
17.6
(44.7)
15.9
(40.4)
14.8
(37.6)
17.9
(45.5)
16.6
(42.2)
18.5
(47.0)
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Table 13. Growth rates of rainbow trout1.
LAKE MEAD—1970-1971
Average length
at stock ing
Inches
8.1
8.4
8.8
10.9
8.4
8.4
8.8
9.6
9.6
8.3
9.2
10.0
12.0
10.0
12.8
11.0
(cm.)
(20.3)
(21.0)
(22.0)
(27.3)
(21.0)
(21.0)
(22.0)
(24.0)
(24.0)
(20.8)
(23.0)
(25.0)
(30.0)
(25.0)
(32.5)
(27.9)
A vg. growth per month
(6 mos. period)
Inches
.60
.40
.34
.26
.20
.12
.07
1.03
.98
.93
.85
.81
.76
.60
.35
.23
(cm.)
(4.0)
(3.5)
(3.4)
(3.2)
(3.0)
(2.8)
(2.7)
(2.6)
(2.5)
(2.3)
(2.1)
(2.1)
(1.9)
(1-5)
(0.9)
(0.6)
LAKE MOHAVE— 1968-1974
Average length
at stocking
Inches
9.2
10.5
10.5
8.7
8.3
7.8
(cm.)
(23.0)
(26.3)
(26.3)
(21.8)
(20.8)
(19.5)
Avg. growth per month
(6 mos. period)
Inches
.80
1.00
.83
1.10
1.05
(cm.)
(2.0)
(2,5)
(2.1)
(2.8)
(2.6)
A vg. gro wth per month
(12 mos. period)
Inches
.81
.75
.75
lent.)
(2.0)
(1.9)
(1.9)
.91 (2.3)
.73
.58
(1.8)
(1.5)
.46
.42
.34
.46
(1.2)
(1-1)
(0.9)
(1-2)
A vg. growth per month
(12 mos. period)
Inches (cm.)
.61 (1.53)
.55 (1.38)
.74 (1.85)
.63 (1.58)
'Based on angler harvest of several groups of marked rainbow trout.
lake (Lake Mead Job Progress Reports, 1974, 1975).
However, beginning in 1976, fewer rainbow were found
in creel census. It was believed that migration upstream
into the Grand Canyon area of the Colorado River
accounted for much of the decrease in numbers (Lake
Mead Job Progress Report, 1976).
Rainbow were first stocked into the Colorado River
below Hoover Dam in 1935, and stocking has continued
until the present time. The formation of Lake Mohave
in 1951 changed most of the fishery from a river habitat
to a lake habitat. Trout were abundant throughout Lake
Mohave from Hoover Dam to Davis Dam (Jonez and
Sumner, 1954; Lake Mohave Job Progress Report,
1976).
Seasonal movement of rainbow trout in Lake Mohave
is associated with temperature stratification of the basin
areas, reproductive maturity, and concentration of food
organisms.
Vertical Movement: In fluctuating reservoirs and
deep lakes, rainbow are generally limnetic in nature.
With increasing surface water temperatures, trout move
deeper seeking more suitable temperatures. Often,
depths of 100-150 feet (30.5-45.7 m.) or more are
reached (McAfee, 1966; Lake Mead Job Progress
Report, 1975).
Lateral Movement: Rainbow trout are somewhat
more migratory than other freshwater fish. During
spawning season, steelhead may travel hundreds of
miles (km.), while resident stream and lake fish may
move a few miles (km.) or only a few hundred feet (m.)
into tributaries (McAfee, 1966). Rainbow also have a
downstream obsession to seek a lake or large reach of a
river (Walden, 1964: Eddy, 1969). Lake resident
bow, however, do not emigrate as readily (Boles et
1964).
Recovered marked trout from Lake Mead and
Mohave indicate that rainbow move widely throug
both lakes. Marked fish stocked in various areas of I
lakes have been taken by anglers many miles (km.)
the original release site (Lake Mead Job Prog
Report, 1973; Lake Mohave Job Progress Repo
1976).
Importance to Fishery
The rainbow trout is probably the best known
most important member of its family. The species*1
very popular among anglers who prize it for its gc
fighting ability and table quality (Walden, IS
McAfee, 1966; Reece, 1963; Sigler and Miller, 196f
Eddy, 1969).
The species is a very important hatchery fish. The i
ative ease with which they are handled makes them ve
economical and popular to raise in hatcheries. In ma
popular fishing waters, stocking is necessary to maint
satisfactory "put and take" angling, thus meeting tfif
demand of sportsmen for more fishing. Stocked ra
bow are generally easier to catch than other trout. Thi?
allows even the most inexperienced anglers to catch fisff
(Sigler and Miller, 1963; Minckley, 1973; McAfee, 1966;
La Rivers, 1962; Reece, 1963). J
Rainbow trout are also important as commercial food
fishes. Commercial hatcheries raise thousands of fish
annually for market (Sigler and Miller, 1963). The
American Fisheries Society lists rainbow trout as being
worth $1.60 per pound ($3.53 per kg) (Pfeiffer, 1975). ,
In Lake Mead, rainbow trout fishing was considered
good from 1970 through 1975. The species was popular
and contributed significantly to the fishery during that
time. The annual percent of total fish catch varied
between 13 percent and 19 percent during those years.
Many of the fish harvested were large in size reflecting
the "premium" management emphasis placed on the
fishery (Lake Mead Job Progress Reports, 1971, 1972,
1973, 1974, 1975). However, in 1976, the quality of the
rainbow trout fishery declined drastically. Only 1 per-
cent of the total catch was comprised of rainbow trout.
It was felt that many stocked rainbow were being lost to
predation by striped bass. Consideration was also given
to adverse changes in the limnological conditions of the
lake and to a possibility of fish lost through migration
up the Colorado River into Arizona. Fishing for trout
had become very poor in quality (Lake Mead Job Prog-
ress Report, 1976) (Table 14).
In 1975, the Nevada Department of Fish and Game
initiated a program to determine specific angler effort.
Lakewide, in 1975, rainbow trout received 17.3 percent
of the angler effort. At Hemenway Harbor, 52.7 percent
of the anglers were fishing for trout. In 1976, the year of
the decline in the trout fishery, only 7.1 percent of the
lakewide angler effort was expended on trout. In 1977,
only 4.6 percent of the angler effort was expended on
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Total estimated rainbow trout harvested and percent
total catch from Lake Mead from 1958-1977 (Nevada
Department of Fish and Game expanded creel census
data).
2,019 .4%
582
I**- 7,256
»*68-
1969-
1971.
2,968
7,443
25,047
64,416
61,121
66,247
100,859
127,553
4,463
13,826
.01%
1.1%
.4%
1.0%
4.5%
13.9%
12.9%
13.6%
13.0%
19.1%
1.0%
2.4%
trout (Lake Mead Job Progress Reports, 1975, 1976,
1977).
In Lake Mohave, rainbow trout are annually found to
be the most important species in the catch. The percent
composition of the catch can vary drastically depending
upon stocking rates. In 1976, only 47.5 percent of the
catch vns made up of rainbow. During part of that
year, e Willow Beach National Fish Hatchery was
osed for disease control, and no fish were stocked dur-
ing that time. Generally, rainbow comprise 70 to 80 per-
cent of the total catch from Lake Mohave (Lake
Mohave Job Progress Reports, 1971, 1972, 1973, 1974,
1975, 1976) (Table 15).
Table 15. Total estimated rainbow trout harvested and percent
total catch from Lake Mohave from 1962-1977
(Nevada Department of Fish and Game expanded
creel census data).
1962 122,259
1963 292,859
1964 238,419
1965 321,729
1966 190,117
1967 139,074
1968 255,816
1969 239,359
1970 215,589
1971 192,450
19 376,342
19 385,708
1974 327,239
1975 185,836
1976 49,682
1977 103,018
80.4%
83.3%
83.2%
85.1%
69.7%
53.2%
66.4%
73.8%
74.0%
67.4%
82.9%
80.2%
70.7%
68.1%
47.5%
55.7%
Rainbow trout also receive the highest angler effort of
any fish in Lake Mohave. In 1975, every month sur-
veyed at the cold-water Willow Beach resort revealed
&'>•. from 77 to 100 percent of the anglers were fishing
trout. Even at Cottonwood Cove, especially during
'•••:~ winter months, trout receive a large amount of
angler effort.
In 1976, rainbow trout received 57 percent of the
effort lakewide. Willow Beach showed 88 percent of the
anglers fishing for trout, and Cottonwood Cove
revealed 27 percent of the fishermen trying for trout.
Figures for 1977 were nearly identical to those of 1976
(Lake Mohave Job Progress Reports, 1975, 1976, 1977)
(Table 16).
Table 16. Angler effort (in percentages) for Lake Mohave trout
by landing by year (Lake Mohave Job Progress
Reports, 1975, 1976, 1977).
1975' 1976 1977
Cottonwood Cove 37% 27% 27%
Willow Beach 92% 88% 88%
'May through December data.
CUTTHROAT TROUT
Taxonomy and Description
Taxonomy: The cutthroat trout (Salmo clarki)
(Richardson) belongs to the family Salmonidae which
contains the salmons, trouts, chars, whitefishes, and
graylings (Eddy, 1969). The taxonomy of the cutthroat
series has historically been rather involved. Because of
the wide natural range of the fish and greater diversity
of its habitat, several "species" were described by early
taxonomists. Later, it was proven that these fish were
merely geographical races of a single widespread, vari-
able species (La Rivers, 1962). Today, all these varied
forms are recognized as a single species (Everhart and
Seaman, 1971). Some of these forms are: yellowstone
cutthroat (S. c. lewisi), Colorado cutthroat (S. c. pleuri-
ticus) (La Rivers, 1962), Utah cutthroat (S. c. Utah),
Lahontan cutthroat (S. c. henshawi) (La Rivers, 1962;
Behnke, N.D.), coastal cutthroat (S. c. clarki), and
piute cutthroat (S. c. seleniris) (McAfee, 1966).
Description: The cutthroat trout is easily identified
by a combination of characteristics. The body of the
fish is usually five times as long as it is deep. The head is
large with well developed teeth. Basibranchial teeth are
always present. All fins are soft rayed with the caudal
fin being slightly forked. The anal fin has 8 to 12 rays
with the pelvic fin rays typically numbering nine. Lateral
line scales number 150-180 (McAfee, 1966; Miller, 1950;
Rayner and McClane, 1965; Eddy, 1969; Sigler and
Miller, 1963).
Throughout its broad range, the cutthroat trout
exhibits extremely variable color combinations and pat-
terns (La Rivers, 1962). This colorful fish is named for
the crimson slash mark running between the mandible
and isthmus on the lower jaw (Everhart and Seaman,
1971; Rayner and McClane, 1965). Coloration on the
back varies from bluish to gray with the sides silvery or
brassy. The belly is generally silvery. The back, sides,
and fins are covered with dark spots. The spots are usu-
ally large, regular in size and shape, and often restricted
to the caudal region (Eddy, 1969; Sigler and Miller,
1963). males tend to be more colorful and darker than
females, especially during the spawning season
(McAfee, 1966) (Figure 6).
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Figure 6. Cutthroat trout (Salmo clarki) (Richardson).
The cutthroat is closely related and similar in appear-
ance to the rainbow trout (S. gairdneri). Several reliable
differences easily distinguish the two species (McAfee,
1966; Miller, 1950).
Cutthroat
1. Basibranchial teeth present.
2. Reddish slash under mandible present (May be
absent in some forms).
3. Typically 150-180 scales in lateral line.
4. Typically nine pelvic fin rays.
Rainbow
1. Basibranchial teeth absent.
2. Reddish slash under mandible absent or
indistinct.
3. Typically 120-140 scales in lateral line.
4. Typically ten pelvic fin rays.
Native and Introduced Ranges
Native Range: The native range of the cutthroat
trout is vast. The species is native to western North
America from the coastal streams of southern Alaska to
northern California, inland throughout the Great Basin
region, and east to the upper Missouri, Platte, Colo-
rado, and Rio Grande drainages. Native stocks also
occurred in Alberta and British Columbia in Canada
(Miller, 1950; Sigler and Miller, 1963; Needham and
Card, 1959; La Rivers, 1962; Walden, 1964). It is, per-
haps, the greatest native range of any of the trouts (Wal-
den, 1964).
Introduced Range: Unfortunately, the cutthroat
trout is very susceptible to environmental changes
brought about by man. A drastic reduction in the origi-
nal range of the species has occurred due to pollution,
siltation, reduced flows, increased water temperatures,
and competition with other fish species (Everhart and
Seaman, 1971). Populations in many native waters have
become extinct or greatly reduced. In certain areas lack-
ing suitable spawning habitat, artificial stocking is often
carried out to maintain a fishable population (La Rivers,
1962). Cutthroat are difficult and expensive to raise in
hatcheries. Because of this and the fact that it does not
compete well with other fish, the species is not heavily
stocked into new waters (Sigler and Miller, 1963).
Unsuccessful attempts have been made to introduce the
species to eastern waters (Rayner and McClane, 1965).
Cutthroat trout were first stocked into Lake Mead in
1972. Other introductions have been made in 1975,
1976, and 1977. Two strains, Lahontan and Strawberry
Lake, have been stocked (Lake Mead Job Progress
Reports, 1972, 1975, 1976, and 1977) (Table 17). i
Lake Mohave first received cutthroat in 1961 whena
small number of Yellowstone strain fish were stocked
Other introductions of Lahontan cutthroat were made
in 1966, 1976, and 1977 (Lake Mohave Job Completing
Reports, 1960-61, 1966; Lake Mohave Job ProgreP
Reports, 1976, 1977) (Table 17).
'>•
Table 17. Cutthroat trout stocked into Lakes Mead and Mohave
(Nevada Department of Fish and Game Stockton
records, 1960-61, 1966, 1972, 1976-77)
MEAD MOHAVE
Year Number Year Number ,jt
1972 58,638'
1975 7,732
1976 120,373
1977 148,426
1961 14,330*
1966 14,855
1976 10,138
1977 13,088
'38,988 Strawberry strain.
'Yellowstone strain. All others: Lahontan strain.
Reproduction
Spawning Time: The cutthroat, like the rainbow, i$j
a spring spawning fish. Breeding time, however, can be
extremely variable. Strain of fish and water temperature'
usually dictate the exact time. Generally, spawning com|
mences when the water temperature approaches 50° Fj
(10° C.). This may occur as early as January or Febru*
ary or as late as June or July, depending upon location,
and elevation (Walden, 1964; Rayner and McClane.j
1965; Everhart and Seaman, 1971; Sigler and Miller,|
1963).
Age at Maturity: Several basic conditions affect th
age at which sexual maturity is reached. These condi
tions include: location, elevation, water temperature
strain, food supply, and size. Usually, maturity is
reached at 3-5 years of age (Walden, 1964; McAfee,
1966). Cutthroat often reach maturity at lengths of only
a few inches (cm.) and weights of less than a pound (kg.)
(McAfee, 1966). Most adults spawn only once with only
a small percentage spawning two or three times (Wal-
den, 1964). The Yellowstone strain cutthroat generally
spawns only in alternating years (Rayner and McClane,
1965).
Fecundity in cutthroat trout varies greatly depending
upon the size of the fish. Small Females of 10-12 inches
(25.4-30.5 cm.) may produce only 350-500 eggs while a
larger female of 8-10 pounds (3.6-4.5 kg.) may produce
10,000 eggs (Walden, 1964). Calhoun (1944) found that
females of 12 (30.5 cm.), 14 (35.6 cm.), and 16 inches
(40.6 cm.) averaged 800, 1,100, and 1,700 eggs per fish,
respectively. Generally, females produce approximately
1,000 eggs per pound of body weight (454 per kg.) (Sig-
ler and Miller, 1963).
Nesting Requirements: The cutthroat trout exhibits
the redd-forming behavior of most of the Salmonid
family. Spawning generally occurs in streams where the
necessary current occurs. The female selects and con-
structs the redd. The redd (nest) is constructed in a
gravelly substrate in an area of suitable current (Ever-
hart and Seaman, 1971). Clean flowing water is neces-
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, ry 10 prevent silting of the redds and to provide the
-essary oxygen to the eggs (Walden, 1964). The redd
t dug by the female scooping out the gravel with her
body and fins. When complete, the redd may vary from
several inches (cm.) to-over a foot (30.5 cm.) in depth
and several feet (m.) in diameter, depending on the size
Of the female. Following the spawning act, the female
covers the eggs with gravel dislodged by the digging of
ot|K>: redds farther upstream and to the sides. Once the
eggs -ifo covered, they are left to develop on their own
(Everhart and Seaman, 1971; Walden, 1964).
Spawning Behavior: Spawning behavior in cut-
throat is very similar to that of the rainbow trout
(McAfee, 1966). In water where the two species live
together, crossbreeding commonly occurs (La Rivers,
1962).
Fo<s/! Habits
cutthroat trout is opportunistic in its feeding
habits. Aquatic and terrestrial insects and invertebrates
typically make up a large part of the diet. Other items
such as fish, mice, and frogs are also eaten when they
are available (Everhart and Seaman, 1971; La Rivers,
1962; Sigler and Miller, 1963). Smaller cutthroat feed
primarily on invertebrates. The larger individuals are
often extremely piscivorous and may subsist entirely on
fish (Sigler and Miller, 1963; La Rivers, 1962).
Age is/id Growth
Age structure and growth rates among cutthroat trout
populations can vary tremendously according to
habitat, strain, and food supply (Walden, 1964). Gener-
ally, growth is fastest in large, warm, fertile waters with
abundant forage and slowest in small streams and cold,
oligothrophic lakes (Snyder, 1940; Calhoun, 1944).
Adults in optimum areas often grow to large sizes, over
20 ounds (9.1 kg.) (Snyder, 1940), and may live as long
a, ;0 (Rayner and McClane, 1965) or 11 years. The
largest recorded cutthroat, 41 pounds (18.6 kg.) was
taken from Pyramid Lake, Nevada (Snyder, 1940; La
Rivers, 1962). However, in smaller, colder, and less fer-
tile waters, adults may reach only 1 to 2 pounds (.5-.9
kg.) and live only a few years. Most cutthroat do not
live longer than 6 years (Calhoun, 1944; Nevada Fish
and Game, 1958) (Table 18).
<~!rowth rate of Lahontan cutthroat trout in Lake
* id and Lake Mohave is very good. Marked groups of
t..is species have been recorded in sufficient quantity for
comparison of growth rates in other waters. The figures
are based on angler capture of known age fish that are
recorded during a calendar year. The length averages
could be biased by the rapid growth and unequal distri-
bution of the sample through the year. The relatively
small sample size does not allow computation from the
stocking anniversary date. The figures in Table 19 are
derived from measurement of 22 marked specimens
from Lake Mohave and 84 marked specimens from
Lake Mead,
Table 19. Growth rates of Lahontan cutthroat trout
in Lakes Mead and Mohave.
A verage Length in inches (cm.I at
Water
Lake Mead
Lake Mohave
A verage length
at stocking
7.1
(17.8)
6.5
(16.3)
2
13.6
(34.0)
18.1
(45.3)
recapture
3
21.5
(53.8)
24.2
(60.4)
4
25.1
(62.8)
Distribution and Movement
Distribution: Cutthroat trout inhabit a wide range
and variety of habitat. They are found from sea level
rivers to 10,000 feet (3,048 m.) in elevation. The species
does well in small streams and in large fertile lakes (Sig-
ler and Miller, 1963). The Lahontan cutthroat is toler-
ant to highly alkaline waters. In one Wyoming lake,
where dissolved solids measured 11,744 ppm, Lahontan
cutthroat trout survived where other Salmonids species
could not (La Rivers, 1962). In many cases, cutthroat
are found in the extreme headwaters of high mountain
streams where other fish species are absent (Everhart
and Seaman, 1971).
Following their initial introduction into.Lake Mead in
1972, cutthroat were seen occasionally during creel
census and other fish samplings. However, beginning in
1976, fewer cutthroat were observed during fish sam-
pling.' It was felt that striped bass predation and
upstream migration into the Grand Canyon area of the
Colorado River accounted for much of the decrease in
numbers (Lake Mead Job Pogress Report, 1976).
In Lake Mohave, during 1976 and 1977, cutthroat
have been seen occasionally during creel census activity.
Cutthroat have been censused from all sections of the
lake, indicating a lakewide distribution of the species.
However, stocking locations and procedures often
influence distribution (Lake Mohave Job Progress
Report, 1976).
Table 18. Growth rates of cutthroat trout.
Water Reference I
Trappers Lake, Colorado Babcock, 1969 4.8
(12.2)
Topaz Lake, California/Nevada Nevada Fish and Game, 1958
!ker Lake, Nevada Nevada Fish and Game, 1958
Length in inches (cm.) at each age
sef Creek, Vancouver Island,
British Columbia Cooper, 1970 1.9
(5.0)
2
8.7
(22.1)
8.5
(21.6)
7.5
(18.8)
3
11.9
(30.2)
13.8
(35.1)
15.2
(38.0)
4
14.1
(35.8)
18.2
(46.2)
19.8
(49.5)
5
15.9
(40.4)
21.8
(55.4)
24.2
(60.5)
6
17.4
(44.2)
23.8
(60.5)
27.0
(67.5)
3.5
(8.4)
4.7
(11.9)
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Vertical Movement: In fluctuating reservoirs and
deep lakes, cutthroat are generally limnetic in nature.
With increasing surface water temperatures, they begin
moving down seeking more suitable temperatures.
Often depths up to 150 feet (45.7 m.) or more are
reached (Lake Mead Job Progress Report, 1975).
Lateral Movement: During the breeding season,
cutthroat migrate into tributary streams to spawn. The
distance traveled varies from just a few hundred feet
(m.) to over 100 miles (161 km), depending upon stream
size, strain, and distance to the preferred spawning
grounds. Cutthroat, like the rainbow, also show a
downstream obsession to seek a lake or large pool.
Young fish usually emigrate during their first and, some-
times, second year (McAfee, 1966).
The discharge stream from Lake Mead Hatchery
commonly attracted spawning migrations of salmonid
fishes during 1974, 1975 and 1976. It was determined
during trapping operations in 1974 that 39 percent of
the migrants were cutthroat trout. The remainder of the
"run" was composed of rainbow trout and coho
salmon (Lake Mead Job Progress Report, 1974). Num-
bers of fish in these migrations have drastically declined,
and this is probably indicative of the decline of a mature
salmonid fish population in Lake Mead.
Schools of Lahontan cutthroat trout in spawning con-
dition were observed near the surface at the upstream
face of Hoover Dam during April of 1975 and 1976.
These fish were consistently orbiting the proximal
Nevada intake tower in a clockwise direction and were
probably oriented to a slight current. Observations were
confirmed with the use of scuba gear and collection of a
median size male. The specimen was 28 inches (70 cm.)
fork length and exhibited complete sexual maturity
(Padilla, pers. comm.).
Cutthroat trout in Lake Mohave have shown wide
distribution through the basin areas and less tendency to
concentrate in the canyon areas. However, recent stock-
ings of this species have not reached full sexual maturity
(Lake Mohave Job Progress report, 1977).
Importance to Fishery
Cutthroat trout are an important species over most of
their range. The fish is beautifully colored, shy, and
considered excellent on the table. Although not as active
when hooked as the rainbow, many anglers consider
them a valuable prize. Many inland forms rise freely to
dry flies and often require skilled techniques by the
angler (Rayner and McClane, 1965; Sigler and Miller,
1963). In Pyramid Lake and other large waters, cut-
throat grow to very large sizes, thus adding another
important aspect to their fishery value (La Rivers, 1962;
McAfee, 1966).
Cutthroat are much more difficult and expensive to
raise in hatcheries than rainbow (Sigler and Miller,
1963). Most stocking programs are designed to preserve
genetically pure stocks or to reestablish the species in
parts of its native range. However, some recent intro-
ductions have contributed to active sport fisheries
(McAfee, 1966).
Cutthroat at one time were very important comnJ
cial food fishes. During the late 19th and the early;
centuries, many thousands of pounds (kg.) of fish w|
taken from Lake Tahoe and Pyramid Lake for comr
cial purposes. The species is no longer used for this i
pose (Snyder, 1940; La Rivers, 1962).
In Lakes Mead and Mohave, cutthroat trout make j
only a minor percentage of the catch. From is
through 1977, less than 1 percent of the total Lake Me
catch was comprised of cutthroat (Table 20). In La
Mohave in 1976, only one catch was verified. Howeve
in 1977, cutthroat made up a greater portion of th?
catch. It was estimated that 740 fish were taken durir,
the year (Lake Mead Job Progress Reports, 1973, 1974
1975; Lake Mohave Job Progress Reports, 1976, 1977).f
1
Table 20. Total estimated cutthroat trout harvested and percen
total catch from Lake Mead from 1972-1977 (Nevad
Department of Fish and Game expanded creel censu
data).
1972 1973
1,461
.3%
1974
4,655
.6%
1975
1,336
.2%
1976
446
.1%
1977
179
.03%
BROWN TROUT
Taxonomy and Description
Taxonomy: The brown trout (Salmo trutta) (Lin|
naeus) belongs to the family Salmonidae which contain
the salmons, whitefishes, graylings, chars, and trout
(Eddy, 1969).
Description: Brown trout are easily identified fromj
the other members of their family. The fish has a rela-I
lively short, stout body with a large head (Sigler andl
Miller, 1963). Brown trout possess well developed!
vomerine teeth but completely lack hyoid teeth. The lat-J
eral line scales number between 100 and 150. There arel
ten to thirteen anal fin rays and ten to thirteen, usually
eleven or twelve, dorsal fin rays (Eddy, 1969).
The brown trout is quite differently colored from any
native American trout. It is brownish to brownish-black
on the upper parts, fading to yellow or white on the
sides and belly. Large dark spots of red and black
appear on the back and sides. However, no spots appear
on the truncate caudal fin. Frequently, the front edge of
the anal and pelvic fins is margined by yellow (Sigler and
Miller, 1963).
Originally, two separate strains, the von Behr or Ger-
man strain and the Loch Leven or Scotch strain, were
recognized. The two strains diflfered slightly in color- I
ation and appearance. The German strain was more j
heavily built with stout characteristics. It also had
numerous red spots on the sides. The Scotch strain was
longer and slimmer with a large head and no red spots
(Brynildson et al., 1963; Shebley, 1917). Today, the two
strains have become thoroughly mixed in the hatchery
and in the wild and have become indistinguishable
(Wales, 1957) (Figure 7).
Native and Introduced Ranges
Native Range: The brown trout is native to Europe,
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Fku"-- 7. Brown trout (Salmo trutta) (Linnaeus).
Asia, and northwestern Africa. The species is widely
distributed throughout western Europe from Norway,
Germany, and the British Isles to the Ural Mountains in
gussia (La Rivers, 1962; Walden, 1964).
Introduced Range: Because of the great popularity
of this species as a sport fish, brown trout have been
widely transplanted to other waters throughout the
. The species has been introduced to New Zealand,
, India, Japan, South Africa, South America,
and Nor th America. Brown trout were first brought to
the United States as eggs in 1883. Other egg shipments
occurred in 1884 and 1885. Both strains, von Behr and
Loch Leven, were shipped to the United States at that
time (La Rivers, 1962). Since these early introductions,
brown trout have been distributed widely throughout
North America. The species occurs abundantly in south-
ern Canada (Wiggins, 1950) and in the colder portions
of t i United States. Only the warm-water southern
-"Ucj have been unsuccessful in establishing large
mlations (La Rivers, 1962).
Brown trout occur only rarely in Lake Mead. In Lake
Mohave, brown trout catches have been reported by
anglers but never verified. No intentional stocking of the
species has been made to date, and those fish that occur
are possibly the result of mixing with rainbow trout dur-
ing stocking. Beginning in 1979, intentional stocking of
the species into Lake Mead is planned.
Reproduction
Spawning Time: The brown trout is a fall spawning
species. The spawning season may extend from October
to February, depending upon locality and elevation (La
Rivers, 1962). In most areas, the peak of spawning
occurs during November and December (Staley, 1966).
Age at Maturity: Sexual maturity in brown trout
car. be variable from location to location and even from
y to year (Pyefinch, 1960). Most brown trout reach
ri. ..urity at the end of their second or third year (Rei-
mers et al., 1955; Munro and Balmain, 1956). Allen
(1951) found that 80 percent of the males and 91 percent
of the females in the Horokiwi Stream in New Zealand
matured at the end of their second year.
Fecundity in brown trout varies, depending upon the
size of the female. Females may produce from 200 to
6,000 or more eggs. Usually, the largest, oldest fish pro-
duce the highest number of eggs (Sigler and Miller,
1963) (Table 21).
Nesting Requirements: Spawning in brown trout is
similar to that of the other trouts. The female selects the
nest site, usually at the tail end of a pool where good
water flow occurs, and constructs the nest or redd in the
substrate. Usually, nests are constructed in areas shaded
by willows or other dense growth (Staley, 1966). The
redd is usually about as long as the female and is in the
form of a hollow several inches (cm.) deep (La Rivers,
1962). Stuart (1953) reported that brown trout preferred
a substrate of gravel ranging from one-quarter inch to
three inches (.64 to 7.6 cm.) in diameter. The maximum
gravel size is probably correlated to the size of the
spawning female (Staley, 1966). After spawning, the
female moves upstream and with gravel dislodged from
other upstream redds covers the first nest. The eggs,
protected by this layer of gravel, are then left to hatch
on their own (La Rivers, 1962). Hatching can occur
within 35 to 148 days, depending on the water temper-
ature (Embody, 1934) (Table 22).
Table 22. Relationship between temperature and incubation
period in brown trout (Embody, 1934).
Temperature Time to hatching
(degrees FJ (degrees C.) (days!
35.5 1.9 148
38.5 3.6 118
40.5 4.7 97
43.0 6.1 77
46.0 7.8 60
50.0 10.3 41
52.0 11.1 35
Spawning Behavior: Spawning behavior in brown
trout is very similar to that of the rainbow and cutthroat
trout. The spawners move over the completed nest and,
with their bodies close together, deposit eggs and milt
simultaneously (La Rivers, 1962).
Spawning is generally very efficient. Often fertiliza-
tion of the eggs exceeds 95 percent, and very few eggs
are retained in the ovaries (La Rivers, 1962). Because of
their wariness and spawning efficiency, brown trout are
capable of maintaining themselves in the wild even in
the face of heavy fishing pressure and environmental
hazard (Sigler and Miller, 1963).
Table 21. Fecundity of brown trout in New Zealand and Tasmania.
Fork length inches (cm.)
Water
Horokiwi Stream New Zealand
'tty River, Tasmania
o Tasmanian lakes
Reference
Allen, 1951
Nicholls, 1958
Nicholls, 1958
Mean
17.7
(45.0)
18.2
(46.2)
Range
8.7-15.0
(22.1-38.1)
11.0-30.7
(27.9-78.0)
13.0-22.4
(33.0-56.9)
Number of eggs
Mean Range
390-1,370
1,479
1,768
220-7,850
450-3,730
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Food (percentage of total volume)
Gammarus (86.3)
(48.1)
Food Habits
Brown trout are opportunistic feeders that will con-
sume a wide range of food items. Generally, they will
feed on whatever is most abundant and available to
them. Aquatic and terrestrial insects, crustaceans, and
fish are the most important and common foods. Larger
individuals feed more extensively, often exclusively, on
fish (Reimers et al., 1955), including their own kind
(Holland, 1962). Brown trout feed actively during early
morning and late evening hours and may feed heavily
during bright moonlit nights. During the day, the fish
seek cover or deeper water, and feeding may cease com-
pletely (Sigler and Miller, 1965) (Table 23).
Table 23. Food habits of brown trout from Convict Lake, Cali-
fornia, expressed as percentage of total volume (Rei-
mers et al., 1955).
Total Length inches (cm.)
9.8
(24.9)
9.8-11.8
(24.9-30.0)
11.9-13.8
(30.2-35.1)
13.8-15.7
(35.1-39.9)
15.7
(39.9)
Age and Growth
Age structure and growth rates vary greatly among
brown trout populations. Environmental factors impor-
tant in influencing age and growth are: habitat, food
availability (Sigler and Miller, 1963), age at maturity,
and water temperature (Holland, 1962).
Growth is generally faster in large bodies of water
with an abundance of forage. Slower growth occurs in
small, cold streams and lakes where forage is scarce
(Sigler and Miller, 1963; Holland, 1962). Growth occurs
throughout the year and the life of the fish. However,
when conditions are poor or when water temperature is
very low, as during winter, growth slows dramatically
(Sigler and Miller, 1963).
Because of the wariness and competitive ability of the
brown trout, it often grows to an age of 10 years or
Gammarus
Diptera pupae
Diptera larvae
Fishes
Fishes
(42.0)
(69.7)
(53.6)
(84.8)
more and to sizes of 10 pounds (4.5 kg.) or more (Ever
hart and Seaman, 1971). In many areas, large browi
trout tend to accumulate in large numbers as voracious
seldom caught predators (Pister, 1962) (Table 24).«
Distribution and Movement
Distribution: Brown trout have adapted well tolj
wide variety of habitat. They are primarily big walfe
fish but have also succeeded quite well even in subalpin,
lakes. Apparently, they are limited somewhat by tht
small size of some headwater streams (Sigler and Miller
1963). Although the species prefers cool water, browr
trout are often found abundantly in warm, turbid, low
elevation waters where other trout species are absent.
Because of the changing nature of many waters due to
pollution and poor water management, brown trout are
replacing the native brook (Salvelinus fontinalis) and
cutthroat (Salmo clarki) trout as the dominant species
(Sigler and Miller, 1963; La Rivers, 1962).
Movement: During spawning season, brown trout
ascend small streams, often several miles (km.), to
spawn. Following the spawning act, the adults generally
emigrate to a larger area of the stream or, if possible, to
a lake (Sigler and Miller, 1963). After hatching, the
young fish may remain in the small stream for two or
three years. Eventually, they, too, will emigrate to *
larger section of the stream or to a lake (Walden, 1964).
Large brown trout feed and move more actively,
often in very shallow water, at night or during early
morning and late evening hours. During the day, the
fish generally seek cover or deeper water and move very
little (Sigler and Miller, 1963). In Europe and other
areas, sea-run fish, similar in appearance to Atlantic
salmon (Salmo salar), are known (La Rivers, 1962; Wal-
den, 1964).
Importance to Fishery
At one time, a high degree of antagonism existed
toward brown trout because of the difficulty anglers
experienced in catching them. The fish is extremely wary
and discriminating and requires skilled technique on the
part of the angler. Because of this, there is now mixed
emotions concerning the brown trout. Skilled, expe-
rienced anglers prize them. Inexperienced anglers would
Table 24. Growth rates of brown trout.
Water
Convict Lake, California..
South Fork Mokelumne
River, California....
Type of
Reference measurement
.-Reimers et al., 1955 T.I.1 atannulus..
Length in inches (cm.) at each age
2 3 4 5
3.9 8.5 12.5 16.0
(9.9) (21.6) (31.8) (40.6)
....Staley, 1966 F.I.2 in November.
Logan River, Utah
Horokiwi Stream, New Zealand....
'Total length.
'Fork length.
'Standard length.
5.2 7.5 8.4
(13.2) (19.1) (21.3)
....Sigler, 1951 S.1.J at annulus 4.0 6.9 9.7
(10.2) (17.5) (24.6)
....Allen, 1951 F.I.2 at end of year.... 7.1 9.6 10.6
(18.0) (24.4) (26.9)
9.3
(23.6)
12.1
(30.7)
21.0 24.6 25.0
(53.3) (62.5) (63.5)
15.6
(39.6)
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j, ;he more easily caught rainbow (La Rivers,
,C. Holland, 1962). The fish fights well when hooked,
. ' h not as spectacularly as the rainbow, and has
lod table quality (La Rivers, 1962). The species is also
ble Of growing to a large size which provides an
Additional trophy value to the fishery (Sigler and Miller,
grown trout are generally more difficult to raise in
'.'s than are rainbow trout. Several semi-
jorrK-x:;.: , ;jd strains of hatchery brown trout have been
develpi-'d for this purpose. The Massachusetts and New
Jersey strains are two of these. These developed strains
e more easily reared in the hatchery and give better
turns to the angler than "wild" brown trout (Staley,
1966). Usually, brown trout management is not one of
put-and-take fishing as is true of the rainbow. The
brown trout is capable of reproducing and maintaining
itself well in the wild even in the face of environmental
hazar ''.nd heavy fishing pressure. Because of this,
Hock ir, i '-:f the species is unnecessary in areas where
good spawning habitat occurs (Sigler and Miller, 1963).
Brown trout are also biologically important in many
areas. Since they are able to withstand warmer and more
polluted waters than the native trouts, the brown trout
has effectively increased or preserved the range of good
trout fishing (Sigler and Miller, 1963; La Rivers, 1962).
Large brown trout are extremely piscivorous and, at
times. tVed heavily on nongame fish such as suckers and
chub: his helps to keep the nongame numbers at a
sw, more desirable level (Walden, 1964). Also, brown
out are occasionally stocked in lakes overpopulated
with brook trout. This eliminates part of the stunted
brook trout population and provides overall better
angling (Staley, 1966).
BROOK TROUT
Taxonomy and Description
7 .riomy: The brook trout (Salvelinus fontinalis)
(Mitchill) belongs to the family Salmonidae which con-
tains the salmons, trouts, graylings, whitefishes, and
chars (Eddy, 1969). This char is closely related to the
lake trout (S. namaycush), Arctic char (S. alpinus), and
Dolly Varden trout (S. malma) in North America
(McAfee, 1966).
Description: The brook trout can be easily identi-
fied through a combination of characteristics. The body
is ' amlined and moderately compressed. The head is
lar .. but not elongate. The mouth is terminal with well
developed teeth on the maxillary, pre-maxillary, and the
head of the boat-shaped vomerine bone. The caudal fin
is forked in the young, lunate in the adults. The fins are
soft-rayed with the dorsal fin having ten rays and the
anal fin having nine rays. The species also possesses the
fleshy adipose fin characteristic of the Salmonid family.
Brook trout have extremely small scales with more than
15!' ^resent along the lateral line (La Rivers, 1962; Sigler
a' Miller, 1963; Minckley, 1973).
Coloration in the brook trout is highly variable. Usu-
ally coloration ranges from olive, blue-gray, or black on
the dorsal areas to white on the belly. The sides are dark
with light green or red spots, often ringed with blue,
being evident but not numerous. The back and dorsal
fin'are mottled with vermiculations, characteristic of the
species. The lower fins are margined along the fore-
edge with white and then black stripes (Sigler and
Miller, 1963; Eddy, 1969; Minckley, 1973) (Figure 8).
Figure 8. Brook trout (Salvelinus fontinalis) (Mitchill).
Sexual dimorphism occurs when the fish reach matu-
rity. Males develop a hooked lower jaw and are deep
bodied with bright ventral coloration. Females remain
duller colored and develop protruding genital papillae
(McAfee, 1966).
Native and Introduced Ranges
Native Range: The brook trout's original range in
North America encompasses a large part of eastern
Canada and the United States. The fish occurred east of
the Saskatchewan River to Hudson Bay and Labrador
in Canada, southward along the Appalachian Moun-
tains to Georgia, and to the headwaters of the upper
Mississippi and Missouri Rivers in the United States
(Brasch et al., 1958; Mullan, 1958; Sigler and Miller,
1963; Hubbs and Lagler, 1970). An anadramous form
of brook trout occurs in some coastal streams in Canada
and New England (White, 1940).
Introduced Range: Because of the popularity of the
species as a sport fish, brook trout have been widely
introduced throughout various parts of the world.
Today, the fish is common in many waters of the west-
ern United States and Canada. Introductions of brook
trout have also been made in South America, Europe,
South Africa, and New Zealand (McClane, 1965;
McAfee, 1966; Sigler and Miller, 1963).
The brook trout was first transplanted into the west-
ern United States waters in the late 1800's. California
first received brook trout in 1872 (Evermann and
Bryant, 1919). Nevada initially received brook trout
sometime during the 1880's. Arizona first received them
in 1917. The fish is now one of the most common
Salmonids found in the west (Minckley, 1973; La
Rivers, 1962).
In 1976, brook trout were stocked into Lake Mohave.
Only 1,930 fish were released at that time. However,
future plans call for more and larger introductions in
1978 or 1979 and thereafter, depending on the success of
the fishery and availability of eggs for hatching (Lake
Mohave Job Progress Report, 1976).
No release of brook trout is planned by the Nevada
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Department of Fish and Game for Lake Mead. How-
ever, the concurrence of other states in the Colorado
River Wildlife Council has been obtained for experi-
mental releases of all Salmonid species in the system.
Reproduction
Spawning Time: The brook trout is a fall spawning
fish. The spawning period may last for several months
depending on latitude and water temperature. The
spawning season may occur as early as August in the
northern, colder parts (Vladykov, 1956) or as late as
January in the southern, warmer ranges (McAfee 1966).
Spawning usually occurs at water temperatures between
40-50° F. (4-10° C.) (McAfee, 1966).
Age at Maturity: Age at maturity in brook trout
varies considerably. Generally, males mature younger
than females. Many males mature during their first sum-
mer of life (McFadden, 1961). Females occasionally
mature as yearlings (Holton, 1953), but in most areas
maturity is not reached until the fish are three to four
years of age (Vladykov, 1956). In the higher, colder
lakes and streams, maturity may be delayed for a year
or two (Everhart and Seaman, 1971).
Size at maturity is also extremely variable. Males usu-
ally mature at a smaller size due to their earlier average
spawning age. Mature fish less than 4 inches (10.2 cm.)
in length are not uncommon. Hoover (1938) docu-
mented a ripe 3.75-inch (9.5 cm.) male and a mature 4-
inch (10.2 cm.) female in New Zealand. McFadden
(1961) noted mature spawners at similar small sizes in
Wisconsin. However, most fish mature at 6 inches (15.2
cm.) and larger (Vladykov, 1956).
Fecundity in brook trout varies greatly depending
upon the size of the fish. There is even considerable vari-
ation in fish of similar size. However, in general, egg
number increases as the size of the fish increases
(Rounsefell, 1957). Studies indicate that fecundity
ranges from less than 100 eggs in small 4 to 5 inch (10.2
to 12.7 cm.) females to over 5,000 in larger females
(Ricker, 1932) (Table 25).
Table 25. Fecundity of brook trout
Fish length in
Locality inches tern.)
Michigan streams (Cooper, 1953a). 4.0-10.9
(10.1-27.7)
Ontario f Ricker, 1932) s t-?? n
Quebec (Vladykov, 1956)
Wyoming beaver pond
(Allen, 1956)
Mt. Whitney brood stock,
California
(13.0-55.9)
6 0-22 0
(15.2-55.9)
5 5-7 8
(14.0-19.8)
14 0-17 0
(35.6-43.2)
Number of eggs
perfsh
104'-753'
80-5,630
90-4,800
124-441
1,493-4,140
Nesting Requirements: Brook trout are capable of
spawning successfully in both lakes and streams. The
female selects and constructs the nest. The redd (nest)
may be constructed in small streams over a gravelly
substrate or along gravel beaches in lakes where i
ing or springs occur (McAfee, 1966; Needhan
Reimers, 1958). The pit is dug by the female;
fins and tail by lying on her side and moving rap
and down near the substrate. This lessens the;1
material and carries it downstream. The size of (
pleted redd varies depending on the size of the ;.
Usually, the nest is 4 to 12 inches (10.2 to 30.5 f
diameter (Everhart and Seaman, 1971). Follov
spawning act, the female covers the nest with gr
lodged by the digging of the other redds
upstream or to the sides (Smith, 1941; Needhanv
The covered eggs are then left unprotected to deve
their own (Greeley, 1932).
Spawning Behavior: The courtship and spaw*
behavior of brook trout is typical of the Salmonid
ily. During construction of the nest, the fe
attended by a dominant male. He drives away|
intruding males and often draws alongside the fen
nudge or rub against her. Other intruding female
be driven off by the spawning female. Dunn
spawning act, the male settles into the pit beside1
female, and eggs and milt are released simultaneol
Usually, a second male will dart into position on
other side of the female and participate in the spa^T
act. Not all the eggs are expelled at once. Other
are dug upstream from or adjacent to the first redd.1
spawning is repeated until the female is spent. Spawi
may last several weeks and occurs both day and
Males may spawn with more than one female (Gr
1932; Hazzard, 1932; Smith, 1941; Needham, 1$
Egg deposition is generally very efficient. Very'l
eggs are retained in the ovaries or are washed from .i
redd before being covered. Survival from egg to time
hatching is usually about 90 percent. However, with!
emergence of the fry, mortality increases dramatica
Survival to adult size may vary from 20 to 80 perce
depending upon environmental condition (Everhart f
Seaman, 1971).
The incubation period varies considerably with water
temperature. At low temperatures, incubation is more
variable and less predictable (Davis, 1956). Generally^
incubation rates vary from 35 days at 55° F. (12.8° C.')
to 144 days at 35° F. (1.7° C.). Normal egg development
occurs at temperatures between 39 and 53° F. (3.9 and
11.7° C.) (Embody, 1934) (Table 26). ,
Table 26. Incubation period of brook trout eggs at various
water temperatures.'
Water temperature A verage hatching time
(degrees F.) (degrees C.) (days)
35 1.7 144
40 4.4 103
45 7.2 68
50 10.0 44
55 12.8 35
'Embody.
Natural hybridization between brook trout and other
Salmonids is uncommon. Crosses between brook and
brown trout occur rarely where both species utilize the
same spawning area. Intentional cross breeding by fish
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'i produced other hybrids. The most promis-
h'Tbeen the cross between the female lake trout
jinus namaycush) and the male brook trout. The
•na called "splake," has contributed to some
" "s (Stenton, 1950). .
Habits
ok trout are voracious feeders consuming a vari-
"of food items. Their food habits are determined
by the seasonal density and availability of their
organisms (Gard, 1961b). Water temperature is
important. Brook trout feed most heavily, often
ctively (Gard, 1961b), at water temperature of 55-
S» F. (12.8-18.9° C.) (Dill and Soule, 1948). Spawning
an has little effect on feeding behavior (Neddham,
Brook trout feed heavily on small aquatic inverte-
n some form throughout their lives. As 1-inch
(2.5 ci; ''sh, they consume mainly small crustaceans.
-From 1-2 inches (2.5-5.1 cm.), they seem to prefer small
Jnsect larvae. After reaching 4 inches (10.2 cm.), there is
\n increase in the consumption of larger aquatic insect
I larvae, nymphs, and adults. Terrestrial insects are also
' eaten when available. Other food items occasionally
taken include: worms, mollusks, and fish (Sigler and
Miller, 1963). Fish can be an important item in the diet.
Ricker (1930) reported that fish comprised a high per-
centa - f the food items found in stomachs of larger 10
»o 20-i/ich (25.4-50.1 cm.) brook trout from Ontario
aters.
Age and Growth
Age structure and growth rates can vary greatly
among brook trout populations. Several environmental
factors such as water temperature, food availability and
type, population density, water chemistry, competitive
spec • , and other inherent factors greatly influence age
and ,rowth (McAfee, 1966).
Brook trout, usually, are short-lived with few exceed-
ing four years of age. In areas of heavy fishing pressure,
the fish may live only two to three years (Holton, 1953;
Reimers et al., 1955; Everhart and seaman, 1971). How-
ever, in some waters, greater longevity occurs. In the
more productive Canadian drainages, brook trout have
lived 10 years (McClane, 1965). Greater longevity has
also been associated with slower growth rates. In Bunny
Lr , California, overpopulated and stunted brook
tr.,ut have lived 15 years (Reimers, 1958).
Slow growth and stunting generally occurs in waters
with high numbers of brook trout and insufficient food.
In severe situations, growth nearly stops and the fish are
characterized by large head and slender bodies (Rei-
mers, 1958). In waters of low population density and
sufficient food, growth rates are usually much faster
(Zilliox and Pfeiffer, 1956). Better growth conditions
r it in the northern part of the brook trout's range.
-v fish progressively become smaller along the south-
ward extension of its range. In the northern areas, fish
over 5 pounds (2.3 kg.) are commonly taken. The world
record 14.5-pound (6.6 kg.) fish was also taken there. In
the southern areas, a 2-pound (0.9 kg.) fish would be
considered large (McClane, 1965).
Under average habitat conditions, a two-year-old fish
would be approximately 6 inches (15.2 cm.) in length.
With poor conditions, this size may not be reached for
three to four years. However, under optimum environ-
mental conditions, a fish may easily reach 6 inches (15.2
cm.) in one year. Most brook trout in the western
United States rarely exceed 10-14 inches (25.4-35.6 cm.)
in length. Occasionally, individuals weighing 2 to 5
pounds (0.9 to 2.3 kg.) are taken (Everhart and Seaman,
1971; McAfee, 1966) (Table 27).
The limited sample of brook trout that was recorded
from the initial stocking in Lake Mohave precludes
valid growth rate determination. Only three specimens
were examined by Nevada Department of Fish and
Game field personnel. Growth rate and body condition
were excellent.
Willow beach National Fish Hatchery reported these
fish averaged approximately 7 inches (17.5 cm.) when
stocked into Cottonwood Basin. One specimen that was
recaptured after 8 months of lake residence had attained
a length of 15.5 inches (38.8 cm.) and a weight of 2.5
pounds (1.1 kg.) (Lake Mohave Job Progress Report,
1976).
Distribution and Movement
Distribution: Brook trout inhabit a wide variety of
waters. They thrive in high altitude lakes, meadow and
headwater streams, beaver ponds, and large rivers. They
reach their greatest abundance, often stunted in size, in
cool, clear waters where they are the only species present
(Sigler and Miller, 1963; McClane, 1965; McAfee,
1966). In many areas of the western United States, they
flourish in alpine waters 9-12,000 feet (2,743-3,658 m.)
in elevation (Everhart and Seaman, 1971).
Movement: Freshwater populations of brook trout
exhibit very little movement. A short upstream move-
ment during the spawning season may occur followed
by a short downstream movement after the spawning
season. Many fish do not move at all (Shelter, 1936).
Brook trout are most active in the early morning and
late evening hours. They tend to remain quiet during the
bright part of the day (La Rivers, 1962). The fish have a
tendency to be solitary and somewhat territorial in
nature. However, if alarmed, they may form into a
school (Mullan, 1958).
Brook trout in Lake Mohave may show a strong ten-
dency to migrate during the spawning season. Harvest
of the initial stock in the canyon areas was coincident
with sexual maturity and the fall spawning season. A
movement of 35 miles (56.3 km.) was noted for this
group. However, stocking location could determine the
migration pattern.
Anadramous populations of brook trout occur in
some waters of New England and eastern Canada.
These fish have a definite migratory pattern. After
spawning, they move to the sea and return to freshwater
the following spring or summer (Mullan, 1958).
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Water Quality
Good brook trout water has definite chemical and
physical properties. Distribution is primarily controlled
by water temperature. Brook trout can tolerate water
temperatures from 33-77° F. (.6-25° C.), but temper-
atures from 55-66° F. (12.8-18.9° C.) are optimum (La
Rivers, 1962; Everhart and Seaman, 1971). The fish usu-
ally inhabit well-aerated waters where the dissolved oxy-
gen content approaches saturation. They can adapt to
and withstand lower levels, however. Fry (1951)
reported that the lowest concentration at which brook
trout can survive was 0.9 ppm at 50° F. (10° C.) and
1.6-1.8 ppm at 68° F. (20° C.). Brook trout also have a
wide tolerance to free CO2 and can withstand pH's
ranging from 4.1 to 9.5 (Creaser, 1930; Fry, 1951).
Importance to Fishery
The brook trout is one of the most popular game fish
in North America, especially within its native range. In
the western United States, it is often overshadowed by
the larger growing Salmo species (La Rivers, 1962; Sig-
ler and Miller, 1963; Everhart and Seaman, 1971;
Minckley, 1973). The brook trout is not difficult to catch
and will accept baits and lures greedily. This trait pro-
vides good fishing for skilled and unskilled anglers alike.
Once hooked, this beautifully colored fish is active and
fights strongly, even though the size of the fish may!
small. The flesh of the fish is of excellent eating qualf.
(Walden, 1964; McClane, 1965; McAfee, 1966; E\t and Seaman, 1971). The American Fisher!
Society lists brook trout as being worth $ 1.60 per
($3.53 per kg.) (Pfeiffer, 1975).
The ability of the fish to adapt and reproduce in hil
mountain lakes and streams where other fish cannot ha
made the brook trout even more desirable in some are
(Dill and Soule, 1948). However there are several fa
tors conspiring against the widespread success of
brook trout. The fish has a tendency to overpopulal
and stunt in many of the waters where it is stocked
Also, the fish is unable to tolerate man-caused habiti
modifications as well as some other species of fisf
(McClane, 1965).
Brook trout are important hatchery fish. Millions of
pounds of hatchery fish are stocked annually through
out the country in put-and-take efforts to increase fish
ing potential (McClane, 1965; Walden, 1964).
Confirmed brook trout returns from Lake Mohavl
during 1976 were light. Only three fish were checked 1
Nevada Department of Fish and Game personnel. Thes
fish were all checked at the Willow Beach resort. Othe
unconfirmed reports were also heard. Workers at thj
Willow Beach concession indicated that approximate)!
30 brook trout were taken from the Willow Beach areaj
Table 27. Growth rate of brook trout in various waters of the United States.
Water Reference
Beaver Pond, Wyoming Allen, 1956
MaligneLake, Alberta, Canada Rawson, 1940...
Prickley Pear Creek, Montana Bishop, 1955
West Gallatin River, Montana Purckett, 1951
Lawrence Creek, Wisconsin Brasch et al., 1958
Pigeon River, Michigan Cooper, 1953c...
Six streams in Massachusetts Mullan, 1958
Bright Dot Lake, California Reimers et al., 1955
Bunny Lake, California Reimers, 1958..
Castle Lake, California Wales and
German,
Horseshoe Lake, California Everest, 1965...
Sagehen Creek, California Card, 196la
F.I. Fork length.
T.I.—Total length.
Type of
measurement
F.I. in summer....
.   ... F.I
' T.I . at annulus
 T 1 at annulus
,
 T 1.
i . T.I. .
 T.I. at annulus....
1  T.I. in August .
956 F.I. in October
 F.I. in summer
T.I. in summer
/
2.6
(6.6)
2.5
(6.4)
3.7
(9.4)
3 7
(9.4)
3.5
(8.9)
5.0
(12.7)
4.7
(11.9)
5.9
(15.0)
2
4.3
(10.9)
6.2
(15.7)
4.1
(10.4)
4.7
(11.9)
6.7
(17.0)
6.1
(15.5)
4.7
(11.9)
9.1
(23.1)
5.2
(13.2)
7.4
(18.8)
7.1
(18.0)
6.1
(15.5)
Length h
3
5.9
(15.0)
9.0
(22.9)
7.0
(17.8)
8.5
(21.6)
8.2
(20.8)
8.0
(20.3)
6.2
(15.7)
12.5
(31.8)
5.9
(15.0)
9.3
(23.6)
10.1
(25.7)
7.2
(18.3)
i inches (cm
4
7.3
(18.5)
11.2
(28.4)
9.6
(24.4)
11.8
(30.0)
11.5
(29.2)
8.0
(20.3)
6.0
(15.2)
9.5
(24.1)
12.8
(32.5)
8.0
(20.3)
.) at each age J
5 6 71
1
13.0 14.5 15.5'
(33.0) (36.8) (39.4)
1
:j
13.9 14.4
(35.3) (36.6)
1 1 .2
(28 4)
6.4
(16 3)
10 4
(26 4)
158
(40.1)
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CARP
onomy and Description
^^I'axonomy: The carp (Cyprinus carpio) (Linneaus)
belongs to the minnow family Cyprinidae which
'ncludes the shiners, daces, chubs, and minnows. This is
one of the largest of all fish families (Eddy, 1969; Sigler
and Miller, 1963).
Description: The carp is a deep, laterally com-
prcSv\ fish. The scales are large and thick, numbering
35.38 .' ong the lateral line. The terminal mouth has two
pair oi barbies, one pair large and conspicuous and the
other pair small and inconspicuous. The dorsal fin is
long, 17-21 rays> and has a stout, serrated spine on the
anterior margin. The anal fin also has a spine. The pres-
ence of these barbels and spines readily identifies this
species from all other minnows (Sigler and Miller, 1963;
Walden, 1964).
Coloration varies widely from water to water. In
sonv reas, carp are very dark colored while in others,
they u .uy be silvery (Walden, 1964). Generally, the color
is a brassy-yellow along the sides and darker above.
The belly is lighter (Minckley, 1973) (Figure 9).
Figure 9. Carp (Cyprinus carpio) (Linneaus).
Occasionally, specimens of mirror or leather carp are
observed. These fish may be lacking scales entirely as in
the -nirror carp or may be only partly scaled as in the
lea ,r variety. These fish also may be of a lighter, more
silvery appearance (Sigler and Miller, 1963).
Native and Introduced Ranges
Native Range: The carp is native to Asia where they
are intensively cultured for food (Sigler and Miller,
1963).
Introduced Range: Because of the early popularity
of the fish by Europeans and Americans, carp have been
w : !y transplanted into many non-native waters. As
e a r i y as 1758, introductions of the species were being
made into Europe (Burns, 1966). The first attempts at
bringing them to North America were made in the early
1830's. However, these first attempts proved unsuccess-
ful (Dymond, 1955; Walden, 1964). The first successful
efforts were achieved in 1872 when a small number of
carp were brought to California from Germany. The
offspring of these fish were sold throughout the western
1 fed States and Central America (Poppe, 1880). By
7, the species was being widely distributed by the
Fish Commission (La Rivers, 1962). The carp's
range in North America includes southern Canada from
east to west and the entire continental United States and
Mexico (Walden, 1964).
Carp were first introduced into Nevada in 1881 (Mac-
Donald, 1884) and into Arizona prior to 1885 (Taggert,
1885). The species was present throughout the lower
Colorado River prior to the formation of Lake Mead
and Lake Mohave. However, no records of these inten-
tional introductions into the river are available. Fre-
quent "baitbucket" introductions by anglers using them
as live bait in Lake Mead and Lake Mohave have
occurred as well (Jonez and Sumner, 1954).
Reproduction
Spawning Time: Carp are spring and summer
spawning fish. Generally, spawning occurs from Febru-
ary (Minckley, 1973) to July (Jonez and Sumner, 1954),
depending upon water temperatures. Optimum water
temperatures for spawning is felt to be about 70° F.
(21.1° C.) (Sigler and Miller, 1963). Spawning activity
usually commences at about 60° F. (15.6° C.) and
becomes active between 65-68° F. (18.3-20.0° C.)
(Greeley, 1927; Sigler, 1958). Spawning takes place both
day and night (Sigler, 1958). Deacon et al. (1972) noted
spawning carp in Lake Mead during April and May.
Age at Maturity: Sexual maturity in carp is usually
achieved by two to three years of age. Most female fish
mature in their third year and males in their second year
(Wales, 1942; English, 1952; La Rivers, 1962). Gener-
ally, the fish mature when weighing between 1 and 2
pounds (.45-.92 kg.) (Walden, 1964). Carp are very pro-
lific breeders. A 5-pound (2.3 kg.) female may lay
500,000 eggs, and a 20-pounder (9.1 kg.) may lay over
2,000,000 eggs (La Rivers, 1962).
Spawning Requirements: Carp do not construct
nests for spawning. The female randomly broadcasts
the eggs in groups of 500-600 over plant beds, debris, or
rubble within an area about 6 feet (1.8 m.) in diameter,
Spawning occurs in water generally only a few feet (m.)
in depth and sometimes occurs in water 3-4 inches (7.6-
10.2 cm.) in depth (Sigler and Miller, 1963). The eggs
adhere to plants or rubble or sink to the bottom where
they lie until hatching occurs (Sigler, 1958; La Rivers,
1962).
Spawning Behavior: Spawning usually involves sev-
eral males escorting a single ripe female. Amidst violent
splashing in shallow water, often with their bodies half
out of water, spawning occurs (Minckley, 1973). Once
the eggs are scattered, they are completely deserted by
both parents (Walden, 1964).
The fertilized eggs develop rapidly. At 71° F. (21.7°
C.) "eyeing" occurs in one day and hatching in less than
4 days (English, 1952). Hatching takes place within 4 to
8 days at 62° F. (16.7° C.) (Struthers, 1931). Immedi-
ately after hatching, the carp fry remain inactive near
vegetation for several days. Within 4 to 5 days after
absorbing the yolk sac, they move to the bottom of shal-
low, weedy coves where they remain most of the sum-
mer (Burns, 1966). Eventually, the small fish move into
deeper waters (Sigler and Miller, 1963). No successful
34 FISH OF LAKE MEAD AND LAKE MOHAVE
~
spawning by carp has ever been documented from the
Boulder Basin of Lake Mead. Successful spawning has
been noted from the shallow areas near the tributary
streams in other portions of the lake, however.
Food Habits
The carp's food items include almost everything that
is available to them. Aquatic vegetation, insects, crusta-
ceans, mollusks, domestic waste, small fish, and fish
eggs have all been identified in carp stomachs. The rela-
tive importance of each item in their diet is still
unknown. Filamentous green algae and higher plants
make up the bulk of their plant food (Wales, 1943; Dill,
1944). Chironomids are a primary animal food with
other aquatic insects, crustaceans, mollusks, and anne-
lids also taken frequently (Dill and Wales, 1945; Ger-
king, 1950; Sigler, 1958). Other fish and fish eggs are
eaten only on occasion (Lynch et al., 1953; Lagler and
Latta, 1954; Sigler, 1958). In Arizona and the lower
Colorado River, carp have been found feeding heavily
on the introduced Asiatic clam, Corbicula. However,
the carp may be actually feeding upon the rich "pseudo-
feces" of the clam rather than the clam itself (Minckley,
1973).
Young carp feed more selectively than adults. Zoo-
plankton is a major food item of the young (Sigler,
1958). Some large fry, however, are cannibalistic even
when zooplankton is abundant (Kudrynska, 1962).
The young carp usually feeds along the bottom where
it plows through the substrate in search of invertebrates
or plants. This often causes turbid waters and uproots
valuable aquatic vegetation (Sigler, 1958; Walden,
1964).
In Lakes Mead and Mohave, carp were found to be
using mainly algae as food. Other food items included
plankton, fish, fish eggs, inorganic rubble, and chirono-
mid larvae (Jonez and Sumner, 1954).
Age and Growth
Age Structure and Growth Rates: Age structure and
growth rates for carp can vary greatly depending upon
habitat and environmental conditions. Growth rates
generally are lowest in rivers and highest in rich, weedy
lakes. High population densities appear to suppress
growth rates (Carlander, 1969). Also, growth rates can
be inhibited by low water temperatures. (Sigler, 1958)
(Table 28).
Most of the carp taken by commercial and sport fish~t
ermen average 1 to 3 pounds (.45-1.36 kg.). However*!
larger fish of 10 to 15 pounds (4.5-6.8 kg.) are common!*!
In large waters such as Lake Erie, 30-pound (13.6 kg.)^
fish are occasionally taken. The largest fish, reported-"
from Africa, weghed 83.5 pounds (37.9 kg.) (Walde
1964). Carp have lived 47 years in captivity (Brov
1957). However, their normal, maximum life span.J
about 13 years (Sigler, 1958).
In Lakes Mead and Mohave, carp grow to about
inches (21.6 cm.) during their first year of life. Lar
carp exceeding 20 pounds (9.1 kg.) have been take
from both reservoirs in recent years. One fish over
pounds (13.6 kg.) has been taken from Lake Mohav
(Nevada fish and Game creel census reports, 1968-1976
Migration and Movement
Dispersion: Carp are remarkably adaptable fis
They tolerate a wide spectra of water chemistry, tempe
ature, foods, and spawning conditions (Minckle
1973). The species is found throughout both Lake Me
and Lake Mohave. They are considered to be the mos
widespread species of fish in both lakes. Carp have 1
found throughout the pelagic open sections, all of
littoral zone, in the rivers and tributaries, and from
surface to below 75 feet (22.9 m.) in depth (Jonez and
Sumner, 1954). Large schools are often observed ne
the surface in the open basins of Lake Mead. Larg
schools of carp often concentrate at the point of unde
flow in Lake Mohave (an area in the lower portion
Black Canyon where the cold Hoover Dam discharg
slides under the warmer stratified water of the Iake)|
Larval shad and floating detritus are seasonally abur
dant in this area, and both are used extensively by
foraging carp.
Vertical Movement: In lakes, carp rarely descend
below depths of 100 feet (30.5 m.) (Cady, 1945; McCon
Water I 3 }
Ogden Bay, Utah,
Sigler, 1958 6.8 13.9 20.4
(17.2) (35.3) (51.8)
Bear River Refuge,
Utah, Sigler, 1958 5.8 11.6 16.5
(14.7) (29.5) (41.9)
Bear Lake, Utah,
Sigler, 1958 2.4 5.6 8.3
(6.1) (14.2) (21.1)
Reelfoot Lake,
Tennessee,
Schoffman, 1957
Salt River, Missouri,
Purkett, 1958 5.4
(13.7)
1 1 . 1
(28.2)
14.8
(37.6)
Table 28.
25.0
(63.5)
20.5
(52.1)
11.0
(27.9)
15.0
(38.1)
17.3
(44.0)
Growth rales of carp.
Mean calculated total length in inches (cmj at end of year
27.2
(69.1)
23.8
(60.5)
13.3
(33.8)
16.4
(41.7)
18.7
(47.5)
28.2
(71.6)
25.8
(65.5)
15.0
(38.1)
17.6
(44.7)
20.6
(52.3)
28.5
(72.4)
27.4
(69.6)
16.5
(41.9)
19.4
(49.3)
22.3
(56.6)
22.0
(55.9)
25.7
(65.3)
22.9
(58.2)
25.1
(63.8)
26.3
(66.8)
28.3
(71.9)'
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nell . .ii., 1957). Generally, the largest concentrations
~sh occur within 25 feet (7.62 m.) of the surface
, ez and Sumner, 1954).
Lateral Movement: There is much lateral movement
in the carp populations of Lake Mead and Lake
ivlohave. The species is widespread, and large groups
often are seen near the surface in the middle of the basin
areas. No successful spawning has been documented
from the Boulder Basin of Lake Mead. However, there
is 51 i ; ! some recruitment to this area. It is felt that migra-
tion of young fish from areas where spawning does
occur accounts for this recruitment.
A recent tag recovery indicates an extreme of lateral
movement for carp in the Colorado River system. This
fish was tagged near Lava Falls (River Mile 167) in the
Grand Canyon during 1978 (C. O. Minckley, pers.
comm.). The tag was pulled from the back of a live carp
by a tourist at Lake Mead Marina on October 1, 1978.
Importance to Fishery
Carp are probably more abundant than any other
freshwater fish in the United States. Today, they are one
of the most important as well. However, much of this
importance is viewed negatively by sportsmen and fish-
ery biologists (Sigler and Miller, 1963).
Large carp populations usually degrade the aquatic
environment. Their feeding habits commonly roil the
w~ -:r, making it unfavorable for plant growth, other
fis, , and food organisms^ They uproot and destroy
'ible aquatic vegetation, interfere with the spawning
o. jther fish, and compete actively for food with the
more desirable species (Burns, 1966). Also, predation by
carp on nests and fry of other fish has been found
(Jonez and Sumner, 1954; Deacon et al., 1972). Carp
have been known to even damage trout habitat and out-
compete these cold water species (Sigler and Miller,
1963). Large sums of money have been spent on carp
e: dication projects thoughout the country. However,
complete removal from all but the smallest waters is
impossible (Minckley, 1973). Eradication of carp from
Lake Mead and Lake Mohave would not be cost effec-
tive under the limitation of current technology.
Carp do have a certain amount of fishery value, how-
ever. It inhabits many waters already polluted or mud-
died by man where other fish could not survive. In other
areas, the rooting feeding habits can actually help keep
t water from becoming too vegetation choked (Wal-
.1, 1964). Carp also provide limited forage for game
fish such as striped bass, largemouth bass, and catfish
(Shebley, 1917; Wales, 1942).
Commercially, the carp is a major fish in many areas.
Walden (1964) reported 10 million pounds (4.5 million
kg.) of carp marketed annually in the United States at
that time. However, carp are not sold as readily as are
some other commercial fishes (Minckley, 1973). The
^ Tierican Fisheries Society lists carp as being worth 23
Us per pound (.56 kg.) (Pfeiffer, 1975).
">me anglers also defend the carp. The species pro-
.s sport in many waters where other fish are lacking.
Several methods of catching carp are popular. Spear-
fishing, bow and arrow, and angling are some of the
methods used. When hooked on light tackle, the carp
puts up a detemined, hard fought battle (Minckley,
1973). In Lakes Mead and Mohave, bow and spear fish-
ing contest are occasionally held.
Carp are also legal for use as bait in Lake Mead and
Lake Mohave. Even though they are not popular, they
are still occasionally used by anglers (Espinosa and Dea-
con, 1969).
COLORADO RIVER CHUBS (Gila spp.)
Taxonomy and Description
Taxonomy: The Colorado River chubs—bonytail
(Gila elegans) (Baird and Girard; roundtail (Gila
robusta) (Baird and Girard; and humpback (Gila cypha)
(Miller)—belong to the minnow family Cyprinidae
(American Fisheries Society, 1970). The family is
extremely large, containing more species and individuals
than any other freshwater family (Eddy, 1969). In the
past, there has been much confusion regarding the tax-
onomy of this genus. For several years, the bonytail and
roundtail were classified as subspecies of G. robusta
(Miller, 1946; La Rivers and Trelease, 1952; La Rivers,
1962). However, they are now considered as separate
species by most ichthyologists (American Fisheries
Society, 1970; Holden and Stalnaker, 1970; Minckley,
1973) (Figure 11). Several subspecies of the roundtail
chub are still recognized. These include: G. r. robusta
of the main Colorado River tributaries, G. r. semi-
nuda of the Virgin River, and G. r. jordani of the
Pahranagat Valley, Nevada (Minckley, 1973). Since
the early 1950's, many specimens have been collected
that do not fit the description of either the bonytail,
roundtail, or humpback chubs. Most of these fish
show intermediate characteristics somewhere among
the three species, especially between G. elegans and G.
cypha. These intermediate specimens bridge the mor-
phological gap among the three species and are con-
sidered to be hybrids (Holden and Stalnaker, 1970;
Minckley, 1973; Johnson, 1976) (Figure 12). This situa-
tion raises doubts concerning the taxonomic status of
the genus (Holden, 1977b).
Figure 10. Bonytail chub (Gila elegans).
Description: The Colorado River chubs are highly
specialized and unique fishes. These species reflect many
unusual morphological adaptations for life in the swift
Colorado River and its tributaries (La Rivers, 1962).
The roundtail chub is a moderately streamlined,
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Figure 11. Gila species.
Figure 12. Intergradation of the Gila complex.
thick-bodied fish. The scales are small, thin, and may be
absent on some parts of the body. Anal fin rays number
from seven to ten; dorsal fin rays number eight to nine.
No nuchal hump is present (Holden and Stalnaker,
1970; Minckley, 1973). Coloration is usually dusky to
greenish on the back and upper sides, turning to silvery
or white below. The bases of the paired fins and caudal
fin are often yellowish to reddish in color. The body
may be finely speckled over the back and sides. Breeding
males are more deeply colored (Sigler and Miller, 1963)i
The bonytail chub is a highly streamlined fish with'
long, thin pencil-like caudal peduncle and wide concaw
skull. Squamation is often incomplete with scales absent!!
from or deeply embedded over much of the body. Thai
fins are large and falcate. Anal fin rays range from ninef^
to twelve; dorsal fin rays number nine to eleven. A unjB
form nuchal hump is present from head to back!
(Holden and Stalnaker, 1970; Minckley, 1973). Color!
ation is dark on the dorsal parts, almost black in manjB
cases, and light below, Fins are often dusky with yellowB
pigment near the bases (Minckley, 1973).
The humpback chub is one of the most unique andj|
unusual appearing fish in the United States. The fish is*
streamlined with a thin, shortened caudal peduncle and "
a large, concave head. The mouth is inferior and over-M
hung by a fleshy snout. The scales are lacking or deeply*
embedded, especially in the large nuchal hump. The finsaj
are large and falcate. Anal fin rays number ten tqjfl
eleven; dorsal fin rays range from nine to ten. The!
prominent nuchal hymp rises abruptly in the occiput
region and has lateral grooves extending posteriorly!
Coloration is olivaceous or brownish on the back and
silvery on the sides and belly. Some yellow pigmentation
occurs near the bases of the paired fins (Holden and
Stalnaker, 1970; Minckley, 1973; Johnson, 1976) (Table
29).
Native Range
The Colorado River chubs are endemic to the Colo'
rado River drainage of the western United States. The
genus occurred naturally from Mexico to the head-1
waters in Utah, Wyoming, and Colorado (Miller, 1961)J
(Figure 1).
The Colorado River chubs are decreasing in range!
and abundance. These unique species are now extinctj
over much of their former ranges and are greatly'
reduced in other areas (Minckley, 1973). The round tail]
chub population, including the local Virgin Riverj
roundtail, has been much reduced. The bonytail chub"
population, which at one time ranged abundantly]
throughout the Colorado River basin including Lakes •
Mead and Mohave, has also been greatly reduced in size
and distribution. Bonytail are still seen, though rarely,
from Lakes Mead and Mohave (Jonez and Sumner,
1954; La Rivers, 1962; Minckley, 1973).
Occasional specimens have been captured by anglers
from the Black Canyon portion of Lake Mohave during
the past ten-year period. The frequency of capture prob-
ably does not exceed three to four fish per year. Release
of captured specimens by anglers is uncommon due to
the unique appearance of the species. No captures of
bonytail have been verified from Lake Mead since 1967.
Small populations of Gila sp. are present outside of
the study area in the Muddy River and Virgin River.
These fish have easy access to Lake Mead but no migra-
tion has been verified. The Muddy River population was
classified by Nevada Department of Fish and Game per-
sonnel as bonytail chubs. Recent taxonomic work has
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-laced them in the roundtail group (Deacon, pers.
im.) with the Virgin River chub,
^-fhe humpback chub, first described by Miller (1946),
is now greatly reduced in population size in all but a few
isolated canyon areas. At one time, the humpback chub
population probably occurred as far south as Black
Canyon on the upper portion of Lake Mohave (Miller,
1955). It is possible that a population of humpback
c\r '-is existing in the area was eliminated by Hoover
Dan: (Holden, 1977b).
The major reason for the decline of these native fishes
has been the operation of several major dams along the
Colorado River. These dams—Flaming Gorge, Glen
Canyon, and Hoover—have effectively eliminated or
decreased the native fish populations from significant
portions of their prior range. Neither the reservoirs nor
the cold tailwaters provide optimum conditions for
th'.^e species (Vanicek et al., 1970; Holden and Stalna-
ke 1975; Suttkus et al., 1976).
Reproduction
Spawning Time: Spawning in the Colorado chubs
occurs in the late spring to early summer period. Jonez
and Sumner (1954) observed spawning bony tail in Lake
Mohave in May. In the upper Green River, Colorado
chubs spawn during June and July (Vanicek and Kra-
mer, 1969).
lie spawning period is apparently related to water
<• ' • • vution and temperature. Spawning generally occurs
a receding water level when temperatures reach
approximately 65° F. (18.3° C.) (Vanicek and Kramer,
1969; Holden, 1973). Spawning in the humpback chub
has not been observed. However, because of the close
relationships of the three species, it is reasonable to
believe that spawning requirements are nearly the same
(Holden, 1977b).
Spawning Behavior: Little is known of the spawn-
ing behavior or early life history of the Colorado chubs.
Jonez and Sumner (1954) observed bonytail spawning
on a gravelly shelf in Lake Mohave. Approximately 500
fish were seen with single females escorted by three to
five males. The eggs were broadcast and adhered to the
rocks, often in water 30 feet (9.1 m.) deep. No effort to
protect the eggs was made by the spawning fish. A 12-
inch (30.5 cm.) female was estimated to contain approx-
imately 10,000 eggs.
Young Colorado chubs probably behave similarly to
other chub species. Immediately after hatching, the fry
move to the quiet areas to feed and grow. As they attain
larger sizes, they progressively enter deeper water (Min-
ckley, 1973).
Successful spawning now occurs only in a few isolated
suitable areas. Spawning of Colorado chubs has been
documented from the Green and Yampa Rivers and
from the Grand Canyon near the mouth of the Little
Colorado River (Vanicek and Kramer, 1969; Holden
and Stalnaker, 1975; Suttkus et al., 1976; Minckley and
Blinn, 1976). Reproduction of the humpback chub is
recorded only from Desolation and Gray canyons
(Holden and Stalnaker, 1975; Holden, 1977a) and the
Grand Canyon in or near the Little Colorado River
(Suttkus et al., 1976). Other reproducing populations
may occur in the Dinosaur National Monument
(Holden and Stalnaker, 1975) and at Black Rocks on the
Colorado River (Kidd, 1976).
Food Habits
The Colorado chubs were found to be onmivorous in
their food habits. Food items consist largely of crusta-
ceans, insects, snails, and algae. Other food items occa-
sionally found included plant debris and fish. As the
individual fish grows, a greater diversity of food items
T \f 29. Comparison of Gila r. robusta, G. elegans, and G. cypha for 19
thousandths of standard length,
Character
Dorsal fin rays
Anal fin rays
Gill rakers
Vertebrae
Predorsal length
Anal origin-caudal base
H-ad length
' id depth
•ut length
1 n ierorbital width
Pelvic insertion-pectoral insertion
Snout-occiput length
U pper j aw length
Dorsal fin base length
Least depth of peduncle
Squamation
chal hump
ly snout
fcye diameter
Eye diameter
characters (proportional measurements expressed in
based on 130 robusta, 99 elegans and 16 cypha) (Holden and Stalnaker, 1970).
G. r. robusta
Range
8-9
7-10
20-28
41-44
491-569
317-398
244-305
86-123
76-102
74-114
200-296
175-217
83-117
111-145
51-81
X
9.0
9.1
23.8
42.2
523.6
352.1
268.9
101.8
88.6
86.7
239.2
196.0
96.4
125.6
64.1
usually ful ly
scaled
none
none
9-1. 2 cm.
.5-. 5 in.
C. elegans
Range x
9-11 10.1
9-12 10.1
23-36 29.8
42-47 44.8
451-498 477.1
371-443 409.5
194-246 222.7
59-88 74.1
59-85 69.3
67-90 76.6
175-247 201.2
143-179 158.8
56-84 68.4
126-168 139.0
35-49 41.2
scaled except
for dorsal,
ventral and
peduncle areas
uniform from
head to back
none
.8-l.Ocm.
.3-.4in.
C. cypha
Range x
9-10 9.5
10-11 10.1
22-28 25.6
42-45 43.3
464-508 487.6
398-468 417.4
224-260 244.1
68-92 79.9
77-100 88.8
81-94 88.5
186-218 202.8
148-177 160.7
74-89 82.6
132-162 147.1
49-57 52.8
same pattern as
in elegans but
with fewer
scales
abrupt in occiput
region
present
.6-. 7 cm.
,2-.3 in.
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was consumed. The smaller fish fed primarily on aquatic
insect larvae. Larger fish over 7.9 inches (20 cm.) uti-
lized mostly adult terrestrial insects (Vanicek and Kra-
mer, 1969).
Differences in diet between roundtail and bonytail
were also noted. The roundtail seemed to be more
opportunistic and sporadic in its food habits. The
roundtail takes mostly fish and aquatic and terrestrial
insects; the bonytail feeds mainly on terrestrial insects,
plant debris, and filamentous algae (Vanicek and Kra-
mer, 1969) (Table 30). In Lake Mohave, Jonez and
Sumner (1954) identified plankton, algae, insects, and
organic debris in the diets of bonytail. No seasonal or
geographic differences in diet are known (Vanicek and
Kramer, 1969),
Food habits of the humpback chub are unknown, the
subterminal mouth of the humpback chub suggests they
are mainly bottom feeders (Miller, 1946). However, no
stomach analyses have been made to determit
exact food items or sources. Humpback chut
been observed feeding on the water surface in s
instances (Holden, 1977a). This suggests that thel
back chub is also capable of feeding on the
(Vanicek and Kramer, 1969).
Age and Growth
The Colorado chubs attain good sizes and live to J
much as 7 years. All three species grow to nearli
same maximum sizes. Roundtails reaching 15
(38.1 cm.) in length, bonytails 18 inches (45.7"
(Everhart and Seaman, 1971), and humpbacks fron
20 inches (38.1-50.8 cm.) in length have been rep
(Holden, 1977b; Johnson, 1976). Usually, they seld
exceed 13 inches (33.0 cm.) (McDonald and Dot
1960). The oldest roundtail and bonytail aged by,'
icek and Kramer (1969) were found to be 7 years of!
Table 30. Percentage occurrence of food items in Colorado chub stomachs, Green River, 1964-1966.'
Total length offish in inches (cm.)
0.6-1.0
Item (1.5-2.5)
Plant debris 0
Filamentous algae 5
Nematodes 5
Oligochaetes 0
Arachnids
Araneae 0
Hydracarina 0
Copepods 5
Insects
Orthoptera (adult)
Locustidae 0
Unidentified 0
Ephemeroptera
Adult 0
Nymph 35
Plecoptera
Adult 0
Nymph 0
Odonata (adult) 0
Thysanoptera (adult) 0
Hemiptera (adult)
Corixidae 0
Unidentified 5
Homoptera (adult) 0
Megaloptera (larvae) 0
Coleoptera
Adult 0
Larvae 0
Trichoptera (larvae) 5
Lepidoptera (adult) 0
Diptera
Simuliidae (larvae) 0
Ceratopogonidae (larvae) 15
Chironomidae (larvae) 50
Unidentified larvae 10
Unidentified adult 0
Humenoptera (adult)
Formicidae 0
Unidentified 0
Unidentified insects 60
Fish (unidentified) 0
Empty 5
Total number of stomachs 20
'Vanicek and Kramer 1969.
'Undifferentiated into roundtail or bonytail forms.
Colorado Chut?
1.0-2.0 2.0-3.9
(2.6-5.0) (5.1-10.0)
2 3
0 3
4 1
2 0
2
0
2
14
0
0
0
2
0
5
0
0
4
4
5
0
0
2
21
0
11
7
0
75
0
4
57
0
3
0
0
0
3
4
1
1
0
0
7
1
1
1
5
7
3
0
2
0
16
0
1
16
2
50
0
16
115
4.0-7.9
(10.1-20.0)
4
4
1
0
0
2
0
0
0
2
2
4
0
0
0
16
6
4
0
0
0
8
0
2
24
0
32
8
32
50
Roundtail
7.9-14.6
(20.1-37.0)
27
17
0
0
0
0
0
10
8
8
0
8
0
0
0
8
0
0
0
19
0
0
0
0
0
0
0
4
17
8
35
8
35
30
(20.i
13|
3 '
0
0
0
6
3
11
0
31
11
0
9
3
0
S !
11 f
20
11 4,
43 I
0 •
11 I
35 -»f
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. n,..a ;j grows longer while the roundtail grows
. w j t h each successive year. Following the third
of life- tne b°nytail grows faster than the roundtail.
difference in growth rate was found between sexes.
wth rates were slower for both roundtail and bony-
in post-Flaming Gorge years (Vanicek and Kramer,
No specific research has been completed on
fetfow'th rates of the humpback chub (Holden, 1977b)
K' W^ . T ! >(Table • • ' •
Distribution
The three species of Colorado chub seem to prefer a
.pecinc habitat. The roundtail is best suited for life in
•lie smaller, upper portions of the rivers and streams;
the bonytail is found only in the major rivers (Holden
ind Stalnaker, 1970); the humpback chub prefers the
|Wjft canyon areas of the main rivers (Holden, 1977b).
A larp 'rea of sympatry exists over much of the drain-
Ige (1 ;n and Stalnaker, 1970). In these areas of co-
existence, the roundtail and bonytail occur principally
jn the eddies and pools adjacent to strong currents.
None has been collected from swift currents. However,
roundtail and bonytail in spawning condition were
never collected together in the same gill net set. Appar-
ently, the two species remain separated, at least during
the spawning season (Vanicek and Kramer, 1969). The
humpback chub is generally associated with fast cur-
rents and deep channels (Holden and Stalnaker, 1975;
Seethaler et al., 1976; Kidd, 1976). However, slower
areas are used often during daily activities (Holden,
1977a).
Importance to Fishery
At one time, the Colorado chubs were modestly
important as a source of food for Indians and early set-
tlers along the lower Colorado River. Also, during the
early years, the Colorado chubs furnished a great deal
of fishing. These fish readily take bait and were easily
caught, especially by youngsters (La Rivers, 1962; Sigler
and Miller, 1963).
Today, the Colorado chubs are protected by federal
and state regulations. Nevada affords protection to the
roundtail and bonytail under Commission General
Regulation No. 1 (Amendment 8). The humpback chub
is protected in Arizona by Commission Order No. 40;
however, Arizona does not offer protection to either the
bonytail or the roundtail chubs.
Federal regulations currently classify the humpback
Table 31. Mean calculated total lengths and increments, Colorado chub, Green River, 1964-1966'
n —
III
IV
V.
VI
VII
M
Taxon'
rt
bt
rt
bt
rt
bt
rt
bt
fean total length
in inches (cm.)
2.6 -
(6.5)
4.5
(11.4)
6.5
(16.5)
9.1
(23.0)
12.7
(32.3)
10.9
(27.7)
13.4
(34.1)
13.1
(33.4)
14.3
(36.2)
14.1
(35.7)
14.9
(37.9)
No. offish
80
81
56
16
5
13
39
11
20
9
3
R undtail
Grand average length-
Number of fish
Average length increment..
Bonytail
Grand average length
lumber offish
verage length increment..
'Vanicek and Kramer, 1969.
'rt = roundtail; bt = bonytail.
I
1.9
(4.9)
2.0
(5.1)
2.2
(5.5)
2.3
(5.9)
2.4
(6.2)
2.4
(6.2)
2.5
(6.3)
2.5
(6.4)
2.5
(6.4)
2.4
(6.2)
2.5
(6.3)
2.2
(5.5)
266
2.2
(5.5)
2.2
(5.5)
284
2.2
(5.5)
Mean calculated length in inches (cm.) at annulus
3 4 S
3.7
(9.3)
3.8
(9.6)
4.5
(11.4)
4.4
(11.3)
4.4
(11.3)
4.2
(10.6)
4.5
(11.4)
4.3
(10.9)
4.4
(11.2)
5.4
(13.6)
3.9
(9.9)
186
1.7
(4.4)
3.9
(9.9)
204
1.7
(4.3)
5.6
(14.3)
6.5
(16.6)
6.0
(15.3)
6.8
(17.3)
6.3
(15.9)
6.9
(17.5)
7.2
(18.3)
6.8
(17.2)
10.2
(26.0)
6.1
(15.6)
105
2.0
(5.2)
6.2
(15.8)
123
2.2
(5.5)
8.3
(21.0)
10.0
(25.4)
8.6
(21.8)
9.3
(23.7)
9.0
(22.9)
11.3
(28.8)
8.8
(22.4)
13.7
(34.9)
8.6
(21.8)
49
1.9
(4.8)
10.2
(25.8)
67
3.5
(8.9)
10.2
(26.0)
12.4
(31.4)
10.7
(27.2)
13.1
(33.2)
10.6
27.0)
14.1
35.7)
10.5
(26.7)
33
1.7
(4.4)
12.7
(32.2)
62
2.5
(6.3)
12.4
(31.5)
13.9
(35.3)
12.1
(30.8)
14.4
(36.7)
12.3
(31.2)
20
1.6
(4.1)
14.0
25.5)
23
0.8
(2.0)
13.4
(34.0)
14.7
(37.3)
13.4
(34.0)
9
1.3
(3-2)
14.7
(27.3)
3
0.2
(0.6)
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chub as Endangered. The bonytail chub is currently
classified as Threatened and the species has been pro-
posed for Endangered status.
The primary importance of the Colorado chubs, at
the present, is one of research and science. These native
fishes are unique and endemic—a remnant of an ancient
fish fauna that provides valuable scientific information.
These fishes, even though unimportant to sportsmen or
industry, are also of value esthetically and are deserving
of the protection they receive (Minckley and Deacon,
1968).
COLORADO SQUAWFISH
Taxonomy and Description
Taxonomy: The Colorado squawfish (Ptychocheilus
lucius) (Girard) belongs to the minnow family Cypr-
inidae which is the largest group of freshwater fishes,
containing more species than any other family (Eddy,
1969; Miller, 1961).
Four species of Ptychocheilus occur. The three other
closely related species are the northern squawfish (P.
oregonensis), Sacramento squawfish (P, grandis), and
the Umpqua squawfish (P. umpquae). However, since
each species occupies completely different drainages,
no real taxonomic problems occur (Behnke, 1973;
Eddy, 1969; La Rivers, 1962).
Description: The Colorado squawfish is very dis-
tinctive in appearance. The body is somewhat com-
pressed dorso-ventrally. The large head is flattened and
elongate with a large, nearly horizontal mouth. The dor-
sal and anal fins almost always have nine fin rays. The
dorsal fin originates behind the insertion of the pelvic
fins. The caudal fin is deeply forked. Scales are small
numbering from 80 to 95 in the lateral line and often are
deeply embedded, especially along the breast and belly.
The pharyngeal teeth and arches are long and fragile,
being adapted for grasping prey (Miller, 1955; Min-
ckley, 1973; Johnson, 1977).
Coloration along the sides is olivaceous turning
darker above and fading to a yellowish cast on the lower
sides. The abdomen is whitish. In the young, a dark,
wedge-shaped spot appears at the base of the caudal fin
(Minckley, 1973; Sigler and Miller, 1963; Johnson,
1977) (Figure 13).
Figure. 13. Colorado squawfish (Ptychocheilus
lucius) (Girard).
Native and Introduced Ranges
Native Range: The Colorado squawfish is endemic
to the Colorado River drainage of the western United
States. Early records indicate that the species was found
abundantly throughout the main stream and
tributaries from Wyoming to Arizona (Sigler~
Miller, 1963; Johnson, 1977; La Rivers, 1962; _
1973; La Rivers and Trelease, 1952; Johnso'n~7c
Squawfish, at one time, were found through'c
main Colorado River in those areas now inund
Lake Mead and Lake Mohave (La Rivers, 1962
ckley, 1973) (Figure 1).
The present distribution and abundance of the <
rado squawfish is difficult to assess due to the
river reaches they inhabit (Johnson, 1977). The sn
has decreased dramatically in both range and aba*
dance. They are now virtually extinct as a reproducing
population in the lower Colorado River below Qto
Canyon Dam (Minckley and Deacon, 1968; Minckley
1973; McFarland, 1975). ^'
Apparently, the fish is now scarce in all areas where jj
still survives. In the upper basin of the Colorado River
the squawfish has been classified as "endangered" anj
declining in abundance throughout its remaining ranw
(Holden and Stalnaker, 1975b; McFarland, 1975^
Recent collections from many areas indicate greatlv
reduced or no spawning success in locations that at one
time produced fair numbers of young (Holden and
Stalnaker, 1975a). The disappearance of the squawfish
is still not fully understood. Apparently, the species can-
not adapt to reservoir environments. Only a few adults
have been found within the large reservoirs along the
Colorado River (Johnson, 1977). In the river areas
below the large reservoirs, reasons for the population
decline are more clearly definable. In these areas,
streams undergo drastic changes in water temperature,
flow pattern, turbidity, and salinity. Exotic fish are also
stocked. These alterations of the habitat completely
eliminate reproduction in the area below the dam, often
for many miles (km.) downstream (Vanicek et al., 1970;
Holden and Stalnaker, 1975a; Vanicek and Kramer,
1969; Seethaler, N.D.).
Jonez and Sumner (1954) reported no reliable reports
of this species after 1942 from Lake Mead. They also
reported, "The Colorado River squawfish, although
native to the Colorado River, is now rare in Lake
Mohave. One specimen was caught by George Allen, a
guide at Willow Beach, in 1952; that was the first one
reported caught in the Lake Mohave area since 1949.
Because of its rarity, very little is known about the Colo- *
rado River squawfish. Murl Emery stated that the fish
was very common in the river before any of the dams
were built. It appeared to Mr. Emery that these fish
made annual spawning runs in the spring. Indians and
white settlers used the fish for food."
Introduced Range: The Colorado squawfish has not
been introduced into any non-native waters. Attempts
have been made to capture, artificially propagate, and
release them back into native waters where they no
longer occur (Behnke, 1973; Toney, 1974).
The Willow Beach National Fish Hatchery has coop-
erated with the Colorado River Fishes Recovery Team
in an experimental propagation effort for this species.
Varying degrees of success have been recorded, and it
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npcars feasible to rear squawfish for restocking
suitable habitat.
roduction
awning Time: Information is limited on many
ets of squawfish reproduction. Apparently, spawn-
time is extremely variable and may occur from early
(Everhart and Seaman, 1971) to late summer
ii"•' Miller, 1963; Vanicek and Kramer, 1969).
ater temperature and level seem to be the most impor-
»tint spawning stimuli. Spawning generally occurs on a
-weeding water level when temperatures reach 68-72° F.
1120 0-22° C.) (Vanicek and Kramer, 1969; Holden and
Stalnaker, 1975a). Spawning at the Willow Beach
National Fish Hatchery occurred on the first day of July
when the water temperature was 72° F. (22.2° C.)
(Toney, 1974).
Spu'^aing Behavior: The actual spawning behavior
/or Co. ,ado squawfish has never been documented.
However, it is felt that spawning behavior would be sim-
ilar to that of the northern squawfish (Johnson, 1977).
From two to four males accompany a single gravid
female during spawning activities. Deposition and fertil-
ization of the eggs occur simultaneously. No nest is used
(Patten and Rodman, 1969). The fertilized eggs are
adhesive and stick to the bottom substrate (Everhart
and Seaman, 1971; Toney, 1974). Very little is known
abou: lie preferred spawning habitat or nursery area
-°d by Colorado squawfish (Holden and Stalnaker,
1975a). Sexual maturity is reached when the fish is five
to seven years old (Vanicek and Kramer, 1969; Holden
and. Stalnaker, 1975 a).
Egg development in Colorado squawfish proceeds
rapidly. At a water temperature of 72° F. (22.2° C.),
hatching occurred in less than 4 days at the Willow
Beach National Fish Hatchery. At 68° F. (20.0° C.)
hatching occurred in 5 days. Newly hatched fry average
.25 inch (.64 cm.) in length (Toney, 1974).
Food Habits
The Colorado squawfish is generally recognized as
being a voracious carnivore. Its large size, oversize
mouth, and large, Pharyngeal teeth exemplify the pred-
atory nature of the fish. Squawfish up to 2 inches (5.0
cm.) total length feed primarily on zooplankton and
insect larvae. Insects comprise the greatest item in the
diets of fish from 2-4 inches (5.0-10.0 cm.) in length.
After that, fish became the major food item in the diet
(Vanicek and Kramer, 1969).
With the decline of the native Colorado chubs (Gila
spp.) and humpback sucker, the Colorado squawfish
has been forced to turn to the exotic species as forage.
Apparently, the squawfish is not well adapted to effi-
ciently utilize these introduced species. There seems to
be a high correlation between declining squawfish popu-
lations, declining native forage fish populations, and
increasing exotic fish populations (Johnson, 1977). The
Lack of the larger native prey species in the diet may be
iable 32. Percentage occurrence of food items in Colorado squawfish stomachs. Green River, 1964-1966 (Vanicek and Kramer, 1969).
Total length in inches (cm.)
.6-1.0 1.0-2.0 2.0-3.9 4.0-7.9 7.9-23.5
Hem (1.5-2.5) (2.6-5.0) (5.1-10.0) (10.1-20.0) (20.1-59.8)
Nematodes 0 0 5 0 0
Crustaceans
Cladocera (Bosmina sp) 27
Copepoda 45
Inse •
E .emeroptera
Nymph 5
Adult 0
Plecoptera (nymph) 0
Thysanoptera (adult) 0
Hemiptera
Corixidae (adult) 0
Coleoptera
Larvae 9
Adult 0
T n'choptera (larvae) 0
:tera
Chironomidae (larvae) 60
Ceratopogonidae (larvae) 5
Unidentified larvae 0
Unidentified adult 0
Hymenoptera (adult)
Formicidae 0
Unidentified 0
Unidentified insects 23
Fish
Cyprinus carpio 0
?ila robusta 0
ichardsonius balteatus 0
intosteus delphinus 0
j nidentified 0
Empty 5
Total number of stomachs 22
14
14
5
0
5
48
14
10
0
0
0
29
0
0
0
0
5
5
21
3
5
0
11
2
2
3
29
0
3
2
3
2
23
0
0
2
0
19
13
62
9
9
0
0
18
0
5
5
5
0
0
0
5
0
18
0
0
0
0
36
27
22
0
0
0
0
0
0
0
0
0
0
3
4
6
1
49
39
71
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a major cause in the obvious decline in growth rates and
maximum sizes (Behnke, 1973). The main new forage
source for squawfish as reported by Vanicek and Kra-
mer (1969) was the introduced redside shiner (Richard-
sonius balteatus). Channel catfish have also been found
lodged, with spines extended, inside the esophagus of
large, dead squawfish. At the Willow Beach National
Fish Hatchery, any feed other than live trout was
refused by the squawfish. Even then, crippled trout were
preferred over the healthy, vigorous ones (Toney, 1974).
Vanicek and Kramer (1969) reported no seasonal or geo-
graphic changes occured in diets of adult squawfish
(Table 32).
smaller size were also taken both below Davis
in Lake Mohave at that time (Jonez and Sumner,
However, over the past 10 years, specimens weil
over 15 pounds (6.8 kg.) are rare. Vanicek and Kri
(1969) show detailed growth rates for squawfish |
the Green River (Table 33). The oldest and
squawfish taken was an 11-year-old female,
pound (2.5 kg.), 24.4-inch (62 cm.) squawfish that!
during propagation efforts at the Willow
National Fish Hatchery was aged at 16 to 17 year!
(Toney, 1974). There appears to be no difference ii
growth rates between the sexes (Vanicek and Kra
1969).
Age and Growth
The Colorado squawfish is one of the largest and
longest living minnows in North America. The species
has been reported to reach weights exceeding 80 pounds
(36.3 kg.) and lengths to nearly 6 feet (1.8 m.) (La
Rivers and Trelease, 1952; Johnson, 1976; Vanicek and
Kramer, 1969; Everhart and Seaman, 1971; Miller,
1961). Typically, large fish like the squawfish have the
capability of living many years (Minckley and Deacon,
1968).
Growth rates are highly variable and dependent upon
many environmental parameters. Water temperature,
food availability, water quality, and probably numerous
other aspects all affect growth rates and maximum sizes.
In recent times, few large specimens have been encoun-
tered. A large, 20-pound (9.1 kg.), 38-inch (96.5 cm.)
fish was taken below Davis Dam in 1952. Others of a
Distribution and Movement
Distribution: The Colorado squawfish is typica
"big river" fish best adapted to a drainage known fof
variable flow patterns, high silt loads, and extreme")
bulence. Adult squawfish are usually associated
eddies, pools, and protected areas just off the main <
rent. Young fish are usually found in the quieter
near shore. The fish seems ill adapted to lacustrine i
ronments (Johnson, 1977; Vanicek and Kramer, IS
Behnke, 1973). The species is now considered extinc
Lake Mead and Lake Mohave (Minckley, 1973).
Movement: Mature adult squawfish were once')
known for their large scale upstream sqawning mig
tions. The common name "white salmon" apparent!
had its origin from these migrations. However, duf
the past ten years or so, no major spawning migratio|
have been reported (Behnke, 1973; Johnson, 1977)
Table 33. Mean calculated total lengths and annual increments, Colorado Squawfish, Green River, 1964-1966'
Agegroup No.
I
II
Ill
IV
V .
VI
VII
VIII
IX
X
XI.
Grand Average If
Number of fish.
Mt
offish
51
38
16
16
16
16
9
7
7
5
1
:ngth...
an total length
inches (cm) 1
2.9 1.7
(7.4) (4.3)
4.2 1.6
(10.7) (4.0)
6.6 1.5
(16.8) (3.9)
9.0 1.7
(22.9) (4.3)
13.0 1.9
(32.9) (4.7)
15.7 2.0
(40.0) (5.0)
18.3 1.9
(46.5) (4.7)
19.9 1.9
(50.5) (4.7)
21.1 2.0
(53.7) (5.1)
22.7 2.1
(57.6) (5.4)
24.0 1.9
(61.0) (4.8)
1.7
Average length increment
(4.4)
182
... 1.7
(4.4)
Mean calculated length in inches (cm.) at annutus
4 S 6 7 10
'Vanicek and Kramer, 1969.
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.long
I ,riovement of squawfish from the Green River
the Yampa River was reported by Holden and
jnaker (1975b).
jjoportance to Fishery
At one time, the Colorado squawfish was a very
important source of food for Indians and early settlers
Colorado drainage (Jordan, 1891). The spe-
V , ; - , abundant during the time and commonly
stranded in drainage ditches. The stranded fish
were then used as food or fertilizer (Miller, 1961). Dur-
ug the early years, a fishery actually existed on the
lower Colorado River. The fish were relatively easy to
catch, grew to enormous sizes, and were considered
good table fare (Johnson, 1977).
Today, the species is decreasing in abundance. The
fish has been classified as "endangered" by the federal
gover <ent and "rare" by the states of Arizona and
Neva* The species is now given full protection under
these federal and state regulations. The primary impor-
tance of the species is now one of scientific interest and
research. Minckley and Deacon (1968) best summarize
the problems that confront the Colorado squawfish and
native southwestern fishes in general:
"Declines in the populations of native fishes in the
American Southwest are largely due to habitat changes
associated with man's modifications of various aquatic
envi -ments. Early decimation of the fauna was
•"liiiiy a result of large-scale physical change, such as
diversion and impoundment of river and down-
cutting of streams in their formerly stable floodplains
. . . More subtle physical or chemical changes . . .
euthrophication and other pollutional effects, and bio-
logical phenomena associated with the ever-increasing
introduction of exotic species — all are accelerating the
extirpation of remanent populations.
"•'e are dealing directly with the western aquatic
fat ;, poorly known and viewed by many people as
unimportant. These animals are diffcult to observe and
to exhibit and are generally considered less worthy of
preservation than organisms of value to sportsmen or to
industry. Native aquatic animals of the American
Southwest are unique and endemic — part of an ancient,
relict fauna that provides important scientific informa-
tion. Changes that have occurred and are occurring are
amplified and accelerated by the scarcity of water. A
gr '•. natural experiment of evolution, also amplified
ai ,, perhaps, accelerated by isolation in desert aquatic
habitats, appears about to become an exercise in extinc-
tion, if man will have it so."
The Colorado River Fishes Recovery Team is investi-
gating the life history of this fish in hopes of finding
suitable methods for enhancing the Colorado squawfish
Population (Colorado River Wildlife Council, 1977).
HUMPBACK (Razorback) SUCKER
onomy and Description
— axonomy: The humpback (razorback) sucker
(Xyrauchen texanus) (Abbott) belongs to the family
Catastomidae which contains the buffalofishes, carpsu-
ckers, and suckers (Eddy, 1969). For many years, the
fish was known as X. cypho until taxonomists returned
to the original description by Abbott (La Rivers, 1962).
Description: The humpback sucker is very distinc-
tive and unique in its appearance. The head is large,
compressed, and constitutes more than one-quarter of
the total body length. The mouth is large and ventral
with a small, weakly papillose upper lip; the lower lip is
smooth and nonpapillose. A distinctive nuchal hump,
from which the fish is named, is located immediately
behind the head. This sharp-edged enlargement of the
nape is formed by greatly developed interneural bones
and runs from the eyes to the dorsal fin. the lateral line
scales number 68-87 and are of moderate size. The dor-
sal fin is large with 13-16, usually 14-15, fin rays. The
fish has a stout caudal peduncle with a large, powerful
caudal fin (La Rivers, 1962; Sigler and Miller, 1963;
Minckiey, 1973).
Coloration in the humpback is usually olivaceous to
brownish-black on the dorsal parts fading lighter, often
yellow or white, below. The sides have brown or pinkish
to reddish-brown stripes. The dorsal fin is dark colored;
anal fin, yellow; and caudal fin, light yellow-brown.
During the spawning season, breeding males become
darker and more deeply colored. Females, on the other
hand, remain the usual color (Douglas, 1952; Minckley,
1973; Gustafson and Minckley, 1974; La Rivers, 1962)
(Figure 14).
Figure 14. Humpback (Razorback) sucker (Xyrauchen
texanus) (Abbott).
In the early life history stages, young suckers are typi-
cally difficult to identify. Humpbacks are identified
from other sucker species by the presence of a few,
large, black pigment cells along the back (Winn and
Miller, 1954).
Native and Introduced Ranges
Native Range: The humpback sucker is endemic to
the Colorado River drainage of the western United
States. It naturally ranged from Wyoming and Colo-
rado southward to Mexico (Eddy, 1969; La Rivers and
Trelease, 1952; Johnson, 1976; Sigler and Miller, 1963).
At the present time, this once abundant species has been
extirpated from much of its original range. The species
is now scarce about the Grand Canyon (Sigler and
Miller, 1963) and has been completely eliminated from
the Green River and its tributaries above Flaming Gorge
Dam in Utah and Wyoming (Minckley and Deacon,
1968). The species has also been eliminated from the
Gila River basin where it once formerly occupied all the
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larger streams. The fish also appears to be nearing
extinction in portions of the lower Colorado River
(Minckley and Deacon, 1968; Minckley, 1973). They
seem to be holding their own in Lakes Mead and
Mohave where sightings are common (Minckley, 1973)
(Figure 1).
Introduced Range: The humpback sucker has not
been introduced into any non-native waters. Attempts
have been made to capture, artificially propagate, and
release them back into native waters where they no
longer occur (Johnson, 1976; Toney, 1974).
Reproduction
Spawning Time: The humpback sucker is a spring
spawning species. Their spawning season may be quite
lengthy and may last well into the summer. Jonez and
Sumner (1954) noted spawning in Lake Mohave from
March through July. The peak of spawning, however,
usually occurs in March and April when the water tem-
perature reaches 54° to 65° F. (12.2° to 18.3° C.).
Spawning Behavior: Spawning in humpback suck-
ers is very similar to that of other sucker species (Reig-
hard, 1920). During the spring spawning period, ripe
adults move into the shallows to spawn. Depth of the
water at selected spawning areas may vary from 1-20
feet (0.3 to 6.1 m.). Substrate type may be composed of
silt, sand, gravel or rocks (La Rivers, 1962; Jonez and
Sumner, 1954). During the spawning act, a single female
is closely attended by two to twelve males. The males
press in against the sides of the female; the whole group
then moves slowly in a circle 3 to 5 feet (.9-1.5 m.) in
diameter. The males constantly press against the sides of
the female with their bodies. The female then settles to
the bottom and commences spawning vibration. The
eggs and milt are then deposited simultaneously. Fol-
lowing the spawning act which lasts about 1 to 1 Vi min-
utes, the fish separate and move away (Douglas, 1952;
Gustafson and Minckley, 1975b; La Rivers, 1962; Jonez
and Sumner, 1954). Females, on occasion, have been
observed spawning with as many as three sets of males
(Jonez and Sumner, 1954).
Spawning efforts have been documented in both Lake
Mead and Lake Mohave. In Lake Mead, spawning
activity has been noted widely throughout the lake. In
Lake Mohave, breeding has been observed throughout
the reservoir, especially in the areas near Cottonwood
Cove and Eldorado Canyon (Jonez and Sumner, 1954;
Gustafson and Minckley, 1975b).
After hatching, which occurs in 5 to 6 days at 58° F.
(14.4° C.) (Toney, 1974), the small fish are about three-
fourths inch long, threadlike, and translucent. Good
survival of newly hatched humpbacks in Lake Mead and
Lake Mohave is doubtful. Predation on fry and eggs by
centrarchids and carp has been noted (Jonez and Sum-
ner, 1954).
Humpback suckers have been known to hybridize
freely with other species of suckers including the native
flannelmouth sucker (Catostomus latipinnis) (Hubbs
and Miller, 1953; Gustafson and Minckley, 1975b).
Food Habits
The humpback sucker, like most of the mernt
its family, is a bottom feeding fish. Feeding a
have been observed. The fish move with their
projecting forward and with a bouncing up and
pattern (Minckley, 1973). Foods commonly
include: algae, decaying organic matter, insect 1
and plankton. Some variation in food habit may occur
with changes in season and habitat (Jonez and Sumner
1954; Hubbs and Miller, 1953). ' , , '
Humpback suckers are occasionally observed in Lake
Mead feeding on the dense swarms of zooplankton thai
accumulate near the lanterns of crappie fishermen. On"
one occasion, a school of eight suckers moved repeat-
edly through the concentration of plankton. They
assumed a slight head up attitude and swam
mouths extended.
Age and Growth
The humpback sucker lives to an old age and is one of
the largest species of sucker in North America. The fish
occasionally reaches lengths of about 3 feet (0.9 m.)
weights up to 16 pounds (7.3 kg.) (Hubbs and
1953; La Rivers, 1962; Minckley and Deacon, 1968;
Minckley, 1973). As would be expected, the humpback
sucker achieves a greater average size in the lower,
warmer sections of its range than in the headwater
regions (La Rivers, 1962). females generally grow to a
larger size than the males (Sigler and Miller, 1963).
Twelve specimens that were captured in gill nets at
Lake Mohave during October 1973 measured 19 to 22
inches (48-60 cm.). A total of 36 humpback suckers
were captured in a beach seine during March of 1974.
They averaged 19.3 inches (49 cm.) fork length, and
they ranged from 17.6 inches (44.7 cm.) to 22.6 inches
(47.4 cm.) (Lake Mohave Job Completion Reports,
1973, 1974).
Distribution and Movement
Distribution: The humpback sucker is adapted for
life in large, swift rivers. In addition to the streamlining
of its form, the nuchal hump behind the head forms a
keel for increased stability in swift water. The long, flat-
tened head also assists in holding the fish against the
bottom (La Rivers, 1962). The fish may be found i
swift current (Sigler and Miller, 1963) or concentrated hi
eddies and backwaters away from the main current5
(Minckley, 1973; Minckley and Deacon, 1968). Hump-"
back suckers, at least the adults, seem to have adjusted
well to reservoir environments (Sigler and Miller, 1963).
However, large numbers of adult fish may not indicate a
healthy, reproducing population. The lack of reproduc-
tive success in lake populations has been documented
(Minckley, 1973; Minckley and Deacon, 1968).
At the present time, the humpback sucker has main-
tained good populations within Lake Mead and Lake
Mohave. Frequent observations are recorded in Las
Vegas Bay and the Overton Arm of Lake Mead. They
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r in greater numbers in Lake Mohave, and sea-
'*CC' they have been recorded in Davis Basin, Cotton-
Basin, and the rapid areas above Willow Beach.
_ underwater transect through Cross Current Rapids
during March, 1974, counted thirty-nine mature suckers
/lake Mohave Job Progress Report, 1974). However,
ill individuals are large, perhaps indicating a low repro-
.uc(jve success (Minckley, 1973; Lake Mohave Job
progress Report, 1974).
jV/oiv/.'tfrt/: During the spring spawning period,
i.umpback suckers migrate into tributary streams or
congregate along shores of reservoirs to spawn. During
•he remainder of the year, the fish generally remain well
distributed throughout the river or reservoir. The pre-
ferred habitat and depth to which they occur most often
icems to be from 3 feet (0.9 m.) to about 50 feet (15.2
m.) (Minckley, 1973).
|mpor :nce to Fishery
At one time, when this large fish was abundant,
humpback suckers were very important food fishes,
Commercial fishermen captured may thousands of fish
each year for market. The species was also an important
food source for the native Indians of the area (Hubbs
and Miller, 1953; Sigler and Miller, 1963; La Rivers,
1962).
: Today, the species is classified as "rare" by Nevada
Fish nd Game Commission Regulation No. 1 (amend-
ment No. 8) and is given full-protection under the regu-
la' The species has been proposed to be added to the
"threatened" list by the federal government. The pri-
mary importance of the species is now one of scientific
interest and the need to protect declining, unique,
endemic populations from extinction (Minckley and
Deacon, 1968).
State, federal, and university agencies today closely
monitor and evaluate the remaining populations of
hur Tback suckers. Progress has been made in arti-
ficially rearing and stocking young humpback suckers in
efforts to re-establish them in areas where they once
occurred abundantly (Toney, 1974; Gustafson and Min-
ckley, 1975a). However, there are still major gaps in
precise knowledge on the life history and ecology of this
species (Behnke, 1973). The Colorado River Fishes
Recovery Team is investigating the true status and life
history gaps of the humpback sucker in hopes of gaining
th: knowledge (Colorado River Wildlife Council,
If-.••).
CHANNEL CATFISH
Taxonomy and Description
Taxonomy: The channel catfish (Ictalurus punc-
tatus) (Rafinesque) belongs to the catfish family Ictalu-
ridae which contains the large catfishes, the bullheads,
an-! the small madtoms (Eddy, 1969).
Description: The members of this family are easily
i< ~ed by their scaleless bodies, broad flattened
he;, , sharp pectoral and dorsal spines, and long bar-
bels about the mouth (Sigler and Miller, 1963; Eddy,
1969). Generally, the channel catfish is more slender in
appearance than its other relatives. The mouth is nearly
terminal with the upper jaw slightly overhanging the
lower '(Walden, 1964). The fish has a deeply forked
caudal fin. The rays in the anal fin number from 24 to 29
(Eddy, 1969). Coloration can vary from water to water.
Usually, the body is pale bluish-olive above and bluish-
white below. In some areas, however, the dorsal area is
dark brown to olive-green with the sides being a lighter
yellowish or grayish-green. Dark spots adorn the sides
of the fish, especially the young. Older fish may com-
pletely lack spotting (La Rivers, 1962; Sigler and Miller,
1963; Eddy, 1969). During the spawning season, the
male assumes a much darker color and develops a swol-
len head with thickened lips (Minckley, 1973) (Figure
15).
Figure 15. Channel catfish (Ictalurus punctatus)
(Rafinesque).
Native and Introduced Ranges
Native Range: The channel catfish originally was
found only in North America. The fish is native to the
waters east of the Rocky Mountains from central Can-
ada to the Gulf of Mexico (Sigler and Miller, 1963;
Eddy, 1969) but not the Atlantic coastal plain (Trau-
tman, 1957). Their greatest abundance is found in the
Mississippi-Missouri River drainage (Walden, 1964).
Introduced Range: Because of the desirability of the
species as a food and game fish, channel catfish have
been widely introduced throughout the eastern and
western United States (Walden, 1964). California
received channel catfish in 1874 (Shebley, 1917), and
Utah stocked them in the late 1880's (Sigler and
Miller, 1963). The earliest occurrence of the species in
Arizona and Nevada appears to be during 1892-1893
when 722 adult and yearling fish were liberated into
the Colorado River by the Arizona Fish Commission
(Worth, 1895). Prior to the establishment of Lake
Mead and Lake Mohave, catfish were commonly
found in those portions of the river later to become
inundated by the reservoirs (Jonez and Sumner, 1954).
The species is now well established in both reservoirs
(La Rivers, 1962).
Reproduction
Spawning Time: Channel catfish spawn during the
spring and summer months (Walden, 1964). Usually
spawning activity commences when the water temper-
ature approaches 70° F. (21.1 ° C.). Ideal spawning tem-
perature seems to be about 80° F. (26.7° C.) with the
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upper limit of spawning occurring at about 85° F.
(29.4° C.) (Clemens and Sneed, 1957). Channel catfish
from Lake Mead were found to spawn between May
and July, with June the peak of activity. Water temper-
atures at that time ranged from 65° to 86° F. (18.3°-
29.4° C.) (Jonez and Sumner, 1954).
Age at Maturity: Maturity in channel catfish can
vary greatly depending upon geographic locale and con-
dition of the individual fish. Catfish from the deep south
were found to mature earlier and smaller than catfish
from northern areas. The majority of male and female
catfish from Louisiana waters matured at 10.5 inches
(26.7 cm.) and 12.0 inches (30.5 cm.), respectively
(Davis and Posey, 1958). In Iowa, females matured
when 13-16 inches (33.0-40.6 cm.) in length; males
matured at a slightly smaller size (Harlan and Speaker,
1956). Davis and Posey (1958) also noted variability in
spawning maturity among individuals of the same popu-
lations. One female was found to be mature at 7 inches
(17.8 cm.) while another was undeveloped at 15.5 inches
(39.4 cm.). One 8.5-inch (21.6-cm.) male was matured
while another male 17 inches (43.2 cm.) was found to be
immature. Dill (1944) also found small mature individ-
uals of 7 inches (17.8 cm.) in length during a study of
the lower Colorado River system, in Lake Mead, sexual
maturity is generally reached by the time the fish are 13
inches (33.0 cm.) long and 3 years of age (Jonez and
Sumner, 1954).
Fecundity in channel catfish can vary depending upon
the size and age of the spawner. In Lake Havasu, Cali-
fornia-Arizona, one 8.5-inch (21.6-cm.) fish contained
34,500 eggs (Dill, 1944). In Lake Mead, egg counts
showed a range in number of eggs per female from
3,000 in a 12-inch (30.5-cm.) fish to 5,500 in a 15-ich
(38.1 cm.) fish (Jonez and Sumner, 1954). One to four-
pound (.45-1.8 kg.) females generally produce about
4,000 eggs per pound of body weight. Fish larger than
four pounds (1.8 kg.) usually produce about 3,000 eggs
per pound of body weight (Clemens and Sneed, 1957).
Nesting Requirements: Channel catfish often ascend
tributaries of lakes and large rivers seeking suitable
breeding sites. Hollow logs, submerged muskrat runs,
undercut banks, and other concealed places are pre-
ferred nest areas (Sigler and Miller, 1963). The male
channel catfish chooses the nest site prior to spawning
(Brown, 1942; Davis, 1959). In Lakes Mead and
Mohave, most of the spawning efforts occur within the
confines of the impoundments. Some reproduction is
felt to occur in the tributaries of Lake Mead and in the
Colorado River portion of Lake Mohave; however,
most is carried out along the protected rocky areas of
both lakes.
Spawning Behavior: Following deposition of the
eggs into the nest, the male fish assumes responsibility
of cleaning and guarding the nest (Walden, 1964). He
hovers over and fans the eggs with his pelvic fins to clean
and aerate them. The mass of eggs is pressed and packed
gently to aid in aeration and movement of the embryos
in the shell (Clemens and Sneed, 1957). The eggs usually
hatch in from 6 to 10 days, depending upon the water
temperature. However, if the eggs are disturbed!
time for any reason, the male or female ma
them. The male continues his guardian role
eggs hatch. He then accompanies the school of ft
few days before leaving them on their own (Sic
Miller, 1963). The male catfish is very aggressive^
his guardian role, often attacking and biting ha
divers approaching too near the nest (Minckley,"
Generally, females spawn only once a year while i
may spawn several times (Clemens and Sneed,1-]
Water Elevation: Water fluctuations do not i
to seriously hamper reproductive success in Lake 1
or Lake Mohave (Jonez and Sumner, 1954).
Food Habits
Channel catfish are omnivorous feeders consu
wide variety of food items. Included in adult die
fish, amphibians, insects, crustaceans, mollusks, wo
and plant material (Forbes and Richardson, 1920; Si
and Miller, 1963). The fish may feed heavily boS
night and during the day. Usually, feeding is donej!
the bottom but occasionally some food may be
from the surface (Bailey and Harrison, 1948). Feedi
carried out through both sight and taste (Davis,
In Lake Mead, adult channel catfish have been fo
feeding on several food items. Fish, insects, plank"?
and plant material have been identified in catfish stc
achs. The most important foods were algae and fish
(Deacon et al., 1972) (Table 34). Food items of;
young fish include small aquatic insects, algae,
decaying organic matter (Jonez and Sumner, 1954)|
Table 34. Stomach contents expressed as percentage frequ
of occurrence of each food item found in stomachs i
channel catfish from Lake Mead (Deacon et
1972).
October
No. examined ...................................... 21
Food organism
Empty .......................................................
Threadfin shad ............................... 33.3
Chironomids ................................... 19.0
Odonata ...................................................
Coleoptera ....................................... 4.8
Fish remains .................................... 38.0
Plant remains ................................. 42.0
May
4
25.0
75.0
Age and Growth
Age Determination: The determination of age is an'
important tool for population and growth analysis in
fish. Several methods of aging fish are available. The
best method of aging fish is the annual ring method. In
the scaleless catfishes, the spiny fin rays are commonly
used, much in the same fashion as the scales from other
fishes. From the relationship of the annuli observed on
the sectioned spine, past growth rates can be determined
(Royce, 1972).
Growth Rates: Growth rates in channel catfish can
vary greatly depending upon several factors. In large
waters, the average size may be from 5-20 pounds (2.3-
9.1 kg.) (Walden, 1964). The species prefers warm water
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.; grow well in water below 70° F. (21.1° C.)
and LaFaunce, 1961; Macklin and Soule,
"Channel catfish also prefer clear water. In Okla-
'' impoundments, growth in turbid waters was
slower than in clear, waters (Miller, 1966). Growth
11 ems to be inversely correlated to population den-
In waters where reproduction is absent, growth was
!i,d to be faster (Regier, 1963). Also, in reservoirs less
fc r vears of age, growth appears greater than in
,et rc .oirs (Miller, 1966) (Table 35).
'Usually, channel catfish weigh about .25 pound (.11
.) at 10 inches (25.4 cm.), 1 pound (.45 kg.) at 15
fitches (38-1 cm.), and 4 pounds (1.8 kg.) at 22 inches
j'ISS 9 cm.) (Miller, 1966). The largest recorded sport
li«*tch was a 57-pound (25.9 kg.) fish taken in South
' Carolina (Walden, 1964).
'" Age structure also varies, depending upon the area
•nd geographic locale. In Kansas (Davis, 1959) and
Oklahoma (Finnell and Jenkins, 1954), it was found
that channel catfish seldom lived longer than seven
years. However, many of the fish examined from Lake
Moultrie and Santee-Cooper Reservoir, South Carolina,
were eight years old or more. Lawler (1960) found fish
up to age 12 in Utah Lake, Utah.
In Lake Mead, growth of channel catfish was about
4.5-7 inches (11.4-17.8 cm.) at the end of the first year
and between 8-12 inches (20.3-30.5 cm.) at the end of
the second year. The average length at the end of the
first year was 6 inches (15.2 cm.) and at the end of
the second year was 10 inches (25.4 cm.). The size of the
largest catfish taken from Lake Mead is unknown.
Reports of 20-25 pound (9.1-11.3 kg.) fish have been
heard (Jonez and Sumner, 1954). A fish taken from
Lake Mohave weighed 25 pounds, 1 ounce (11.3 kg.)
and was 35.25 inches (89.5 cm.) in length (Nevada
Stream and Lake Record Fish, 1976).
Table 35. Growth of channel catfish in Oklahoma' and California2
*sr* ~'
New reservoirs'
(over 500 acres)..
Old reservoirs
(over 500 acres)..
Large lakes
(11 -X) acres)...
4.6
(11.7)
3.6
(9.1)
3.6
(9.1)-
l lakes
-^-110 acres) 4.4
(11.2)
Ponds
(less than 5 acres) 4.3
(10.9)
4.2
(10.7)
3.8
(9.7)
3.0
(7.6)
4.1
(10.4)
Turbid large lakes 3.3
(8.4)
4.6
(11.7)
3.5
(8.9)
3.8
(9.7)
Without reproduction4.. 4.9
(12.5)
Lake Havasu,
California 3.0!
(7.6)
Palo Verde Weir,
Colorado River,
California 2.8'
(7.1)
'Finnell and Jenkins, 1954.
'Kimsey et al., 1957.
•Reservoirs less than 4 years old
'Does not include reservoirs and
'Fork length used.
Streams
Clear reservoirs..
Tu. , .d reservoirs
Clear large lakes.
Clear small lakes..
Turbid small lakes..
i reproduction4
10.8
(27.4)
7.0
(17.8)
7.2
(18.3)
9.2
(23.4)
8.6
(21.8)
7.7
(19.6)
7.5
(19.1)
6.0
(15.2)
8.7
(22.1)
6.4
(16.3)
9.6
(24.4)
7.7
(19.6)
8.0
(20.3)
10.0
(25.4)
5.4
(13.7)
6.9
(17.5)
13.2
(33.5)
9.8
(24.9)
9.9
(25.2)
13.4
(34.0)
12.2
(31.0)
11.0
(27.9)
10.2
(25.9)
8.4
(21.3)
12.3
(31.2)
8.8
(22.4)
16.3
(41.4)
10.5
(26.7)
11.1
(28.2)
14.8
(37.6)
6.6
(16.8)
9.3
(23.6)
17.5
(44.5)
12.0
(30.5)
12.2
(31.0)
16.4
(41.7)
14.7
(37.3)
13.7
(34.8)
12.5
(31.8)
10.3
(26.2)
14.6
(37.1)
10.9
(27.7)
17.4
(44.2)
12.8
(32.5)
13.7
(34.8)
18.6
(47.2)
7.7
(19.6)
12.0
(20.5)
Calculated total length in inches (cm.) at each annulus
5 6 7 8 9
20.7 21.9 20.6 25.3
(52.6) (55.6) (52.3) (64.3)
10 13 14
14.5
(36.8)
18.6
(47.2)
14.7
(37.3)
16.1
(40.9)
15.1
(38.3)
12.2
(31-0)
16.6
(42.2)
13.4
(34.0)
19.7
(50.0)
14.3
(36.3)
15.9
(40.4)
19.0
(48.3)
14.3 16.4 18.6 20.9 22.7 23.7
(36.3) (41.7) (47.2) (53.1) (57.7) (60.2)
23.2
(58.9)
22.5 25.9
(57.2) (65.8)
27.6
(70.1)
16.3 18.8 19.0 20.8 21.3
(41.4) (47.8) (48.3) (52.8) (54.1)
22.4 24.9 25.7 30.0
(56.9) (63.3) (65.3) (76.2)
20.2 23.1
(51.3) (58.7)
26.0 28.8
(66.0) (73.2)
29.9
(76.0)
16.6
(42.2)
18.6
47.2)
17.4
(44.2)
14.1
(35.8)
19.4
(49.3)
15.0
(38.1)
21.5
(54.6)
15.4
(39.1)
17.7
(45.0)
21.2
(53.9)
17.2
(43.7)
19.5
(49.5)
19.8
(50.3)
16.6
(42.2)
21.2
(53.9)
17.7
(45.0)
23.7
(60.2)
18.2
(46.2)
19.8
(50.3)
23.1
(58.7)
20.5 23.2 24.4
(52.1) (58.9) (62.0)
30.8
(78.2)
26.5
(67.3)
26.5
(67.3)
32.0
(81.3)
9.3 11.2 13.8
(23.6) (28.5) (35.1)
15.3 18.4 20.9
(38.9) (46.7) (53.1)
22.1
(56.1)
18.9
(48.0)
20.5
(52.1)
18.6
(47.2)
27.1
(68.8)
21.7
(55.1)
23.7
(60.2)
24.2
(61.5)
15.3
(38.9)
25.9
(65.8)
18.4
(46.7)
22.0
(55.9)
20.4
(51.8)
28.9
(73.4)
28.0
(71.1)
27.8
(70.6)
24.8
(63.0)
17.9
(45.5)
27.8
(70.6)
19.6
(49.8)
22.0
(55.9)
20.9
(53.1)
30.0
(76.2)
29.5
(74.9)
27.4
(69.6)
27.5
(70.0)
19.8
(50.3)
29.4
(74.7)
20.1
(51.1)
21.4
(54.4)
22.7
(57.7)
27.7
(70.4)
29.3
(74.4)
18.7 21.3 22.7 23.5
(47.5) (54.1) (57.7) (59.7)
at time of collection,
large lakes.
48 FISH OF LAKE MEAD AND LAKE MOHAVE
Migration and Movement
Dispersion: Channel catfish are very adaptable fish.
They can be found abundantly in streams, lakes, and
large reservoirs and in all types of environmental condi-
tions (Bailey and Harrison, 1948). Channel catfish are
found universally throughout Lake Mead and Lake
Mohave, primarily in the warmer, more suitable areas.
Certain areas of higher population density exist, how-
ever. Sizable populations have been found around areas
of tributaries in Lake Mead (Jonez and Sumner, 1954).
The Eldorado area on Lake Mohave also seems to be an
area of high population.
Vertical Movement: Generally, catfish are most
active during the night. At that time, they move from
the deeper, protected waters into the shallows to forage
for food (Sigler and Miller, 1963). Following the advent
of summer and warm weather, catfish often are seen
near the surface in shallow, rocky coves (Jonez and
Sumner, 1954).
Lateral Movement: Extensive movement of channel
catfish seems to be controlled by water temperature.
During the spawning season and thereafter until cooler
temperatures prevail, catfish exhibit extensive move-
ment. Of eighty-nine captured, tagged, and released cat-
fish from Lake Mead, only two were recovered. One
recovery, taken during early spring, showed only slight
movement. The other fish, taken later during the sum-
mer, had moved over five miles (8 km.) from the point
of release (Jonez and Sumner, 1954).
Importance to Fishery
The channel catfish is a very important and popular
warm-water game fish. Its large size, fighting ability
when hooked, and excellent table quality make it prized
by many anglers. In many waters, because of their large
size, they add a valuable trophy element to the fishery
(Miller, 1966). In many areas of its native range, the
species is an important commercial fish (Forbes and
Richardson, 1920). Also, the fact that catfish consume
much food material avoided by other game fishes adds
value to their presence (La Rivers, 1962). The American
Fisheries Society lists channel catfish as being worth
$1.14 per pound ($2.51 kg.) (Pfeiffer, 1975).
Jonez and Sumner (1954) found that channel catfish
were the second most important game fish in Lake Mead
at that time. The catfish were found to enter signifi-
cantly into the catch after two full years of life.
More recently, creel census returns indicate that chan-
nel catfish are still an important fish for Lake Mead.
Total catch has varied in numbers from the low of
almost 30,000 to a high of over 200,000 in 1963. Total
catch percentages ranged from 5.8 percent in 1958 to a
high of 29.8 percent in 1977 (Nevada Fish and Game
Creel Census summary, 1958-1977). In 1977, the chan-
nel catfish became the most important game species in
Lake Mead. Over 170,000 were harvested (Table 36).
The angler preference data shows that catfish do
receive some specific attention by anglers. In the
Boulder Basin, Hemenway Harbor annually receives a
Table 36. Total estimated channel catfish harvested i
total catch from Lake Mead from 19
(Nevada Fish and Game expanded creel i
1958 29,275
1959-60 83,142
1960-61 61,000
1962 54,575
1963 205,609
1964 69,481
1965 100,613
1966 76,878
1967 65,263
1968 143,960
1969 123,547
1970 115,215
1971 110,295
1972 123,664
1973 91,557
1974 111,721
1975 121,543
1976 117,368
1977 171,674
high overall preference percentage. Callville
Las Vegas Bay also show good specific efforts
catfish (Lake Mead Job Progress Reports, 1975,
1977). In 1977, approximately 6 percent of the la
effort was directed toward channel catfish (Lai
Job Progress Report, 1977) (Table 37).
Table 37. Lakewide angler effort (in percentages)
Mead channel catfish by year (Lake Mead .
ress Reports, 1975, 1976, 1977).
1975'
1976
1977
'April through December data.
Channel catfish in Lake Mohave are apparently nc
important to the angler as in Lake Mead. Creel
records indicate that channel catfish annually comp
less than 5 percent of the total catch except that du
1976 10 percent of the catch was made up of call
(Table 38). Catch estimates usually range from 5,OC
10,000 fish annually. Some specific effort is dire
toward Lake Mohave catfish, especially during the s
mer and fall months. At the coldwater Willow Be
area, usually very little specific effort is directed tov
this species. However, at Cotton wood Cove,
more attention is given specifically to the species (LaK
Mohave Job Progress Reports, 1975, 1976, 1977)(Tablj
39).
STRIPED BASS
Taxonomy and Description
Taxonomy: The striped bass (Morone saxatilis)*
(Walbaum) belongs to the sea bass family Percich-1
tnyidae which contains several important freshwater'
and marine species (Minckley, 1973). The generic name
Morone follows work done by Whitehead and Wheeler
(1966).
Description: The fish can be described as stout and ||
moderately elongate. The head is large with an oblique
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, estimated channel catfish harvested and percent
total catch from Lake Mohave from 1962 to 1977
(Nevada Fish and game expanded creel census data).
1,217
3,164
2,866
2,268
6,001
6,013
6,164
5,838
9,032
9,708
8,172
6,733
7,406
12,280
10,772
7,953
.8%
.9%
1.0%
.6%
2.2%
2.3%
1.6%
1.8%
3.1%
3.4%
1.8%
1.4%
1.6%
4.5%
10.3%
4.3%
FfiW* 39- Angler effort (in percentages) for Lake Mohave chan-
•• f l catfish by landing by year (Lake Mohave Job
/.ogress Reports, 1975, 1976, 1977).
1975' 1976 1977
Ketionwood Cove 10% 11% 6%
I; Willow Beach 3% 1%
'May through December data.
Ffliouth and projecting lower jaw (Minckley, 1973). The
j. dorsal fin is usually completely divided with the spinous
portion as high or higher than the soft ray portion
\, ' 969). The back is scarcely arched and the stom-
1 ich r^ be deeply swayed (Minckley, 1973).
C ition of the fish varies from dark olive-green to
f bluisfFDlack above to lighter on the sides and silvery on
; the belly. The sides are marked with seven to eight dark,
longitudinal, often interrupted stripes (Minckley,
1973) (Figure 16).
Figure 16. Striped bass (Morone saxatilis) (Walbaum).
lis family closely resembles the sunfishes in appear-
ance. The differences in external characters and in color-
ation easily differentiate between the two families
(Eddy, 1969).
Native and Introduced Ranges
Native Range: This anadramous species is native to
the Atlantic coast of North America. Striped bass range
n arally from the St. Lawrence River, Canada, to the
v - f of northeastern Florida. They were also found in
tat .ies to the Gulf of Mexico from western Florida
to Louisiana. The area of greatest abundance lies from
Cape Cod to northern North Carolina including Chesa-
peake Bay (Raney, 1952).
In 1954, establishment of a landlocked population of
striped bass in Santee-Cooper Reservoir, South Caro-
lina, was reported. It was found that sea-run fish had
been trapped within the newly-completed impoundment
and had formed a self-sustaining population (Stevens,
1958). This discovery stimulated great interest in estab-
lishing the species in reservoirs throughout the United
States.
Introduced Range: As early as the late 1800's, intro-
ductions of striped bass into other waters commenced.
In 1879 and 1881, striped bass from New Jersey were
stocked into the Sacramento River, California. Since
that time, the species has extended its west coast range
as far north as Washington and south to southern Cali-
fornia waters (Raney, 1952).
Because of the success of the Santee-Cooper fishery,
many attempts have been made to establish landlocked
populations in other reservoirs. Introductions of striped
bass have been made into several inland western waters.
The Colorado River between Parker and Davis Dams
supports a good population of striped bass (Edwards,
1974). Lake Mead first received striped bass in 1969.
Additional plants into the lake occurred yearly until
1972 (Table 40). (Lake Mead Job Progress Reports,
1969-1972). Striped bass have become established and
are now found commonly throughout the lake (Lake
Mead Job Progress Reports, 1976-1977).
Table 40. Striped bass stocked into Lake Mead (Arizona and
Nevada fish stocking records, 1969-1972).
Year Number A vg. size inches (cm.)
1969 20,000 2-3
(5.1-7.6)'
2-6
(5.1-15.2)
1970 41,300
1971 910
1972 3,000
'Included some fish 8" (20.3 cm.) in length.
(20.3)
6-8
(15.2-20.3)
Reproduction
Spawning Time: The striped bass is a spring spawn-
ing species. Water temperature appears to be the princi-
pal factor controlling exact time of spawning. Spawning
usually commences on rising water temperatures when
the water reaches 58°-60° F. (14.4-15.6° C.). The peak
of egg deposition occurs between 60°-67° F. (15.6-19.4°
C.) Spawning activity ceases at temperatures greater
than 70° F. (21.1° C.)(Dickson, 1957; Talbot, 1966;
Calhoun, 1950; Goodson, 1966; Raney, 1958). In Cali-
fornia, the spawning season may extend from late
March to early July with a peak in May (Calhoun,
1950). Edwards (1974) reported suitable spawning con-
ditions in Lake Havasu from early April through mid-
June. Sudden decreases in water temperature or storms
halt spawning activity (Calhoun, 1950; Talbot, 1966).
Eggs may not survive if water temperatures fall below
55° F. (12.8° C.) (Albrecht, 1964).
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Age at Maturity: Maturity in striped bass appears to
be extremely variable. Generally, maturation of females
occurs in their fourth through seventh years (Raney,
1952). However, Edwards (1974) reports that 50 percent
of the three-year-old females checked from the Colo-
rado River contained greenish-colored ovaries and were
classified as mature fish. Color of the eggs has com-
monly been used as a criterion of sexual maturity
(Woodhull, 1947). Males normally mature in their third
to fifth year of life (Scofield, 1931; Minckley, 1973).
However, two-year-old mature males occur frequently
(Raney, 1958). Mature fish may not spawn each year
(Raney, 1952).
In Lake Mead, many three-year-old females have
been observed during creel census activity carrying
greenish-colored eggs just prior to the peak of spawning
season. It was felt these fish were mature and would
have spawned. Also, catches of striped bass during their
spawning period revealed a high number of mature two-
year-old males (Nevada Department of Fish and Game
Creel Census Reports, 1976-1977).
Female striped bass produce remarkable numbers of
eggs. The numbers of eggs produced increase as the fish
gains in size and age (Jackson and Tiller, 1952). Lewis
and Bonner (1966) found that a female increases egg
production by about 80,000 mature ova per pound of
body weight (176,400 per kilogram of body weight).
Jackson and Tiller (1952) recorded a range of egg pro-
duction averaging 68,000 eggs for four-year-old, 4.4
lb.(2.0 kg.) females to 4,536,800 eggs for fourteen-year-
old, 35-lb. (15.9 kg.) fish. The number of mature ova
present in female striped bass from the lower Colorado
River ranged from 67,638 per pound (149,142 per kg.)
of body weight to 139,721 per pound (308,085 per kg.)
of body weight with a mean of 105,053 per pound
(231,642 per kg.), considerably higher than that
recorded from other areas (Edwards, 1974). It is felt
that fecundity for Lake Mead striped bass closely
approximates those findings from the lower Colorado
River.).
Spawning Behavior: The striped bass normally is
anadramous in its spawning behavior (Minckley, 1973).
After ascending a river, they broadcast their eggs in
areas of considerable current (Raney, 1952). Current is
vital for a successful hatch, since the eggs, slightly heav-
ier than water, must be kept suspended (Albrecht, 1964;
Minckley, 1973). Talbot (1966) states that water veloci-
ties are not critical as a limiting factor as long as there is
sufficient current to keep the eggs suspended.
No extensive courtship or ritual precedes the spawn-
ing act. During spawning, a group of three, four or
more fish mill about in a circle, splashing water high
into the air. The act lasts only about a minute, and, fol-
lowing it, the fish quickly disperse (Morgan and Ger-
lach, 1950). Generally, males outnumber females on the
spawning ground (Raney, 1952; Morgan and Gerlach,
1950). As many as ten to fifty small males may accom-
pany a single, large female during spawning (Merriman,
1941). Following spawning, the ova drift until hatching
which depends somewhat upon water temperature. The
eggs hatch in 70-74 hours at 58°-60° F. (14.4-15,58
(Surber, 1957) and in about 60 hours at 64° F.'(|
C.) (Goodson, 1966). Other studies gave the
information: 48 hours at 60-64° F. (15.6-17.8J!
(Albrecht, 1964) and 48 hours at 64.2° F. (17.93
(Raney, 1958). The young fish reach a postlarval
approximately 10 days after fertilization (Gc
1966; Pearson, 1938). When the newly hatched ft
about one-half inch (1.3 cm.) long, small schools
moving toward the shore from open water (Niclj
1966). Eventually, the young move back to the
reservoir (Albrecht, 1964).
In Lake Mead, successful reproduction of st;
bass was first documented in 1973. Successful repro
tion has also been noted every year since. There app
to be three main areas where current might be suit
for spawning, they are: (1) the mouth of Las V|
Wash, (2) the mouths of the Virgin and Muddy
and (3) the main arm of the Colorado River. Also.
ing times of heavy water release from Hoover
narrow canyon areas of the lake may also have suitl
current for spawning (Lake Mead Job Pro
Reports, 1973-1977).
Additionally, spawning aggregations of "ripe",j
and female striped bass have been observed at di
locations of Lake Mead where only wind or thermalj
rents would exist. Natural adult mortalities that
during spring and summer in these areas are attribi
to spawning stress. Annual recruitment to the str
bass population from these areas has not been fu
documented.
Bayless (1967) demonstrated hatching success
eggs that were placed on various substrate and he stati
"In general, these experiments demonstrate that susp
sion of striped bass eggs by water current is not ne
sary for a successful hatch provided the eggs are
subjected to suffocation by silt or water quality. Thi
not to infer that successful reproduction can be exr.
in ponds, lakes or reservoirs. Only one facet of a cc
plicated process has been examined and much me:
work is needed before accurate prediction of success|
reproduction in a new area will be possible. Experie
has shown that successful striped bass spawning
are rare and should be protected at all costs. Howevd
potential spawning grounds should not be overlooked
simply because of insufficient water velocity to maintain
egg suspension."
Food Habits
The striped bass is a voracious feeder. The amounts
and kinds of food items taken appear to be a function of
availability more than any other factor (Raney, 1952;
Johnson and Calhoun, 1952; Stevens, 1958; Morgan
and Gerlach, 1950). The predominate food items taken
are usually fish and crustaceans (Raney, 1952; Talbot,
1966; Goodson, 1966). In most freshwater environ-
ments, the diet has been found to be made up almost
entirely of clupeid fishes. Few rough or game fishes have
been found during stomach analysis (Stevens, 1958}-,
Edwards (1974) documents this type of feeding activity
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t.»-»m Co;orado River striped bass (Table 41). Some vari-
T in diet occurs relative to the size of the fish and to
> season. Young of the year fish have been identified
Tfeeding mainly on plankton and aquatic insects (Heu-
lh»ch et al, 1963; Goodson, 1966). During times of the
|; r when the clupeid forage fish are scarce, adult
'driped bass have been found to switch diets to insects
/Stevens, 1958) or other game fishes such as crappie
(Dorrro*e, 1963). Striped bass are not steady feeders.
Memk > of a school normally feed at the same time
(Raney, 1952).
T»ble41- Stomach analysis of striped bass expressed as fre-
quency and percentage of occurrence from the Lower
Colorado River from March through September,
1969 (Edwards, 1974).
Frequency Percentage
Threadfin shad 37 67.2
Rainbow trout 13 23.6
£rayj; 7 12.7
LM B . G. sunfish, Centrarchids 4 7.3
ram — - 1 1.8\ft»l Y —..-- . - ..... ........ ...... ................... M. * ,V
Salamanders 2 3.6
Unidentified items 6 10.9
Total examined 55 adults
Analysis of striped bass stomachs from Lake Mead
indicates that striped bass are, indeed, opportunistic
feeders. Threadfin shad represented the greatest occur-
renc • with trout the second greatest occurrence. The
trou vere found almost always within just a few days
trout release. Other foods identified were chirono-
t^M, crayfish, and organic debris (Johnson, 1976)
(Table 42.)
Table 42. Stomach analysis of striped bass expressed as fre-
quency and percentage of occurrence from Lake
Mead (Johnson, 1976).
Percentage
50
25
23.2
6.25
3.57
.89
.89
.89
jow trout 26
Debris
Crayfish.
Chironomids
Golden shiner
Black crappie
Total examined _ 112
Age and Growth
;e Structure and Growth Rates: The striped bass
is ,;e of the largest growing fishes to invade freshwater
(Goodson, 1966). Several individual fish taken from the
ocean have weighed over 100 pounds (45.5 kg.) (Eddy,
1969). Freshwater individuals commonly weigh 30
Pounds (13.6 kg.) or more (Raney, 1958). Most of the
fish taken by anglers, however, range from 3-30 pounds
(1-4-13.6 kg.) (Chadwick, 1962). Growth seems to be
faster in landlocked freshwater populations (Goodson,
15 5; Talbot, 1966). However, the fact that the fresh-
w :r populations are generally new and expanding may
)unt for the greater growth rate. Chadwick (1966)
icports that growth is usually density related with the
best growth occurring in new, expanding populations.
Young striped bass are reported to grow most rapidly in
late spring and early summer. Adult striped bass grow
more rapidly during summer and early fall. Growth
rates diminish greatly in the late fall and winter. Due to
the warm-water conditions of the Colorado River, it is
felt that some growth occurs the year around. The great-
est annual growth generally occurs during the second
year of life with growth increments decreasing annually
thereafter. Male and female bass grow at approximately
the same rate for their first three years of life. However,
at four years of age, females grow faster than the males.
This greater rate of growth continues throughout the
life of the fish (Edwards, 1974).
Intensive scale analysis from Lake Mead striped bass
revealed outstanding growth rates for the species. The
data obtained from scale analysis indicated two distinct
growth rates in the Lake Mead population. Apparently,
the divergence in growth reflects the differences in life
history between the introduced fish and their progeny.
The introduced fish, during their first two years, grew
slowly and erratically. This was felt to reflect upon the
physical adjustments the fish made to their handling and
new environment. After the second year, growth
became less erratic and more predictable. At year class
V, Lake Mead introductions exceeded all other studied
populations in total growth.
The Lake Mead naturally reproduced fish were found
to be growing at an even faster rate during their early
years than the introduced fish. By the time the fish had
reached year class V, total growth between the two
groups was nearly identical (Johnson and Roden, 1977)
(Table 43).
The rapid growth rates of both groups was attributed
to excellent forage and weather conditions. The thread-
fin shad is the main item in the diet, and the large popu-
lation in Lake Mead provides a dependable forage base
for the striped bass (Johnson, 1976). Additionally, in
the warm-weather southwest, the growing season may
be longer than in other areas, resulting in a long growing
season and better overall annual growth rates (Minck-
ley, 1972).
Migration and Movement
Dispersion: Striped bass are highly adaptable fish.
They can exist in fresh, brackish, or salt water through-
out the year and can tolerate both cold and warm waters
(Pearson, 1938). Since their introduction into Lake
Mead, striped bass have increased dramatically in popu-
lation size and now inhabit all areas of the Boulder
Basin and the rest of Lake Mead (Lake Mead Job Prog-
ress Report, 1976).
Movement: Striped bass exhibit rather rapid move-
ment from location to location. Generally, the species is
more active at night than during the day (Bayless, 1969).
Adults usually migrate up large rivers to spawn in fresh
water. The distance which the fish travel may vary
according to environmental factors. In Santee-Cooper,
striped bass travel 50-60 miles (80.5-96.5 km.) to
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spawning areas (Talbot, 1966). Where good water
velocities are not present, as in the Roanoke River
below Kerr Reservior, striped bass traveled 135 miles
(217.2 km.) to spawn (Dickson, 1957).
In Lake Mead, rapid movement of striped bass has
been noted. Within hours of an introduction of fin-clip
marked rainbow trout at Callville Bay, striped bass were
caught in Hamblin Bay and Indian Canyon containing
these marked trout. These areas are 3.5-4.0 miles (5.6-
6.4 km.) from the Callville Bay release area (Lake Mead
Job Progress Report, 1976).
Importance to Fishery
The striped bass is an important sport and food fish in
all waters where it is abundantly found. Along the
Atlantic coast, the striped bass fishery, in addition to its
recreational value, also supported a large, commercial
fishery (Raney, 1952). Because of the greedy nature of
the fish, its tremendous fighting ability when hooked,
and good table quality, the striped bass has become an
avidly sought after game fish by many anglers (Nichols,
1966). The species also attains a large trophy size attrac-
tive to anglers (Raney, 1958).
Striped bass may also answer biological needs in
many areas. Their piscivorous nature aids in controlling
large populations of shad which have developed in
many reservoirs (Goodson, 1966; Dickson, 1957).
Striped bass may also fill niches within the fishery that
are unutilized by other game fish (Goodson, 1966). Arti-
ficial propagation has also been successfully carried on
for the species. This provides the opportunity for
repeated introduction into waters lacking
spawning areas (Stevens, 1965; Bayless, 197
appears to be no reason to believe that striped
atively influence other warm-water game si
Santee-Cooper Reservoir, other game sp
maintained strong populations (Stevens,
ever, the presence of striped bass does have a dl
tal influence upon the introduced Salmonids.
Mead, many trout have been lost to predation b'
bass. It is felt that the declining quality of the tj
ery is due in part to this predation. However,
of this impact is uncertain (Lake Mead Job P
Report, 1976).
The importance of the striped bass to the
is increasing. Sport and bait shops carry speci
highpriced equipment for sale to sportsmen,
fish tournaments and derbies involving strip
are held annually. Valuable prizes are awarded
sons bringing in the largest fish (Edwards, 1974f
The striped bass is rapidly increasing in impo:
Lake Mead. The angler effort and total catch
increasing annually for the species. The amount
cific angler effort for striped bass has increased
from 1975 to 1977 (Table 44).
Table 44. Lakewide angler effort (in percentages) fo
Mead striped bass by year (Lake Mead Job 1
Reports, 1975, 1976, 1977).
1975'
1976
1977
'April through December data.
Table 43. Comparison of growth rates of striped bass from Lake Mead and other waters and comparison of growth between Lake I
stocked and naturally produced striped bass.
Area
Sacramento-San Joaquin
Reference
Length in inches (cm.) at each annulus
3 4 5
Delta, California
Millerton Lake, California
Atlantic Coast
Santee-Cooper Reservior,
Southern Carolina
Kerr Reservoir, Virginia/
North Carolina
Maryland
Oregon
Colorado River Arizona/
California/Nevada
Lake Mead, Arizona/Nevada
(Stocked fish)
Lake Mead, Arizona/Nevada
(Natural fish)
Robinson, 1 960
Wilson and Christenson,
1 965
Meriman, 1941
Stevens, 1 958
Domrose, 1963
Mansueti, 1961
Morgan and Gerlach, 1950
Edwards, 1 974
Johnson and Roden, 1977
Johnson and Roden, 1977
4.3 '
(10.9)
5.2'
(13.2)
4.9'
(12.5)
8.5J
(21.6)
5. 12
(13.0)
5.1'
(13.0)
1
6.7'
(17.0)
7.7'
(19.6)
9.7'
(24.6)
'Fork length.
'Total length.
9.8
(24.9)
11.8
(30.0)
9.3
(23.6)
15.7
(39.9)
11.1
(28.2)
11.6
(29.5)
14.7
(37.3)
17.2
(43.7)
14.8
(37.6)
19.3
(49.0)
15.3
(38.9)
16.8
(42.7)
14.4
(36.6)
19.8
(50.3)
16.4
(41.7)
15.2
(38.6)
19.0
(48.3)
23.2
(58.9)
21.2
(53.8)
25.2
(64.0)
21.3
(54.1)
21.9
(55.6)
17.7
(45.0)
22.9
(58.2)
22.1
(56.1)
19.0
(48.3)
22.8
(57.9)
27.3
(69.3)
26.7
(67.8)
28.3
(71.9)
23.0
(58.4)
26.6
(67.6)
20.9
(53.1)
25.8
(65.5)
26.3
(66.8)
20.8
(52.8)
25.0
(63.5)
30.6
(77.7)
30.7
(78.0)
30.4
(77.2)
25.7
(65.3)
30.4
(77.2)
24.0
(61.0)
28.5
(72.4)
27.5
(69.9)
24.4
(62.0)
27.2
(69.1)
32.9
(83.6)
33.2
(84.3)
(68
30-1
(78.0
36.0,
(91-4).
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,, 1^;, increased effort, the total catch has risen
In 1977, an estimated harvest of over 13,000
j bass was made. This was almost double the esti-
catch from the previous year (Table 45).
.45. Total estimated striped bass harvest and percent total
catch from Lake Mead from 1969-1977 (Nevada Fish
and Game expanded creel census data).
0
0
185
47
1,461
2,328
2,671
,6 6,248
13,250
.04%
.01%
.3%
.3%
.4%
1.4%
2.3%
Jt is believed that the striped bass populations is still
ujldin•-• ;n numbers and should provide an increasing
hery ;'vest for several years to come (Lake Mead
Ob Progress Reports, 1976, 1977).
The American Fisheries Society lists striped bass as
cing worth $5.70 per pound (12.57 kg.) (Pfeiffer,
•1975).
LARGEMOUTH BASS
Taxonomy and Description
Taxonomy: The largemouth black bass (Micro-
pteru almoides) (LacepedeX belongs to the sunfish
farr Centrarchidae which contains the sunfishes,
era, s, black basses, and Sacramento perches (Eddy,
1969).
Description: The species can generally be described
as thick-bodied and largemouthed with the upper jaw
reaching past the eye in adults. Coloration can be highly
variable according to habitat conditions (Minckley,
1973; Sigler and Miller, 1963). Usually, the fish is dark
oliv <;reen on the back, turning lighter on the sides with
a d; .•'<, diffuse lateral band running from anterior to
posterior. The stomach is generally white or silvery
(Minckley, 1973) (Figure 17).
Figure 17. Largemouth bass (Micropterus salmoides)
(Lacepede)
Native and Introduced Ranges
Vntive Range: Largemouth bass originally occurred
e j the Rocky Mountains from the Great Lakes and
soumern Canada south to the Mississippi River Basin
and northern Mexico and east to Florida and the Caro-
linas (Moore, 1968).
Introduced Range: Because of their tremendous
popularity as a game fish, largemouth bass have been
widely introduced throughout the United States and the
world (Minckley, 1973). The fish has been stocked heav-
ily into western United States waters. California stocked
bass in 1874 (Curtis, 1949), and Utah introduced them
in 1890 (Sigler and Miller, 1963). The first reliable
records indicate Nevada received largemouth bass on or
about 1900 (La Rivers, 1962). The introductions and
subsequent establishment of bass into Lake Mead
occurred between 1935 and 1940 (Baldwin, 1945).
National Park Service records show that the first exten-
sive plants of largemouth bass were made in 1935, and
by 1940 approximately 466,000 bass fingerling had been
liberated into Lake Mead (Wallis, 1951). Other intro-
ductions, made to evaluate the feasibility of stocking
hatchery fish, occurred during later years (Nevada
Department of Fish and Game fish stocking records,
1975, 1976, 1977) (Table 46).
Table 46. Largemouth bass stocked into Lake Mead.
Year Number
1935-1939' 480,625'
1939-1943' 286,090
1975' 13,343
1976 11,306
1977 10,016
'Baldwin, 1945.
'Number includes sunfish also stocked.
'Anon., 1954.
4Nevada Department of Fish and Game stocking records.
With the formation of Lake Mohave in 1951, a large
population of largemouth bass became established in
that water. Jonez and Sumner (1954) reported that bass
were found throughout Lake Mohave and were abun-
dant in the warmer water sections of the lake. This bass
population probably resulted from a small population
of fish found in the Colorado River before formation of
Lake Mohave (Baldwin, 1945).
Reproduction
Spawning Time: The largemouth bass is a spring
spawning fish. Spawning activity begins in March or
April and ends in May or June with the center of activity
usually in April or May (Jonez and Sumner, 1954).
Spawning actions normally commence when the water
temperature reaches the low 60's° F. (15.5° C.) (La
Rivers, 1962).
In Lake Mead, spawning temperature extremes of 54°
to 75° F. (12.2° to 24° C.) have been reported (Jonez
and Sumner, 1954). The peak of spawning activity nor-
mally occurs in water temperatures of 60° to 65° F.
(15.5 to 18.3° C.) (Lake Mead Job Progress Report,
1974; La Rivers, 1962). Some late spawning has been
observed during the latter part of June. It is felt that a
small segment of the spawning bass population deviates
slightly from the norm each year (Allan and Romero,
1975).
54 FISH OF'LAKE MEAD AND LAKE MOHAVE
Bass in Lake Mohave have been observed spawning
from April through June. The pattern of water stratifi-
cations in the lake influences the time of spawning.
Nesting in the warmer, lower areas usually occurs
before nesting in the colder, upper portion of the lake
(Jonez and Sumner, 1954).
Age at Maturity: Largemouth bass mature earlier in
life in southern areas of year-round warm climate. In
Alabama, spawning has been reported at age one
(Swingle and Smith, 1950). In the colder, northern
states, bass usually require three to four years to mature
(Heidinger, 1975). Sexual maturity is related more
closely to size than age. The female reaches maturity at
about 10 inches (25 cm.) and the male at a slightly
smaller size (James, 1939).
In Lakes Mead and Mohave, bass two years of age
have frequently been observed as being capable spawn-
ers. Virtually every fish observed was matured by age
three (Jonez and Sumner, 1954).
Egg production in females is positively correlated to
age and size of the fish. The number of eggs can vary
from 2,000 (Sigler, 1959; Harlan and Speaker, 1956;
Eddy and Surber, 1947) in small, younger individuals to
over 94,000 in larger, older females (Culler, 1938)
(Table 47).
Table 47.
Reference
Vessel and Eddy,
1941
Fecundity of largemouth bass.
Number of eggs
Weight of female (mean or rangef
Culler, 1938...
Sigler, 1959
Harlan and
Speaker, 1956
Eddy and Surber,
1947
Kelley, 1962
13oz. (369 g.)
15oz.(425g.)
40 oz. (1134g.)
16-28 oz. (454-794 g.)
40-44 oz. (1134-1247 g.)
48-50 oz. (1361-1417 g.)
7,000
15,000
30,500
27,930
94,157
33,100
2,000-25,000
2,000-26,000
2,000-40,000
5,000-82,000
Nesting Requirements: The male bass undertakes
the responsibility of nest selection and construction.
Nest construction consists of the male sweeping out a
depression with his body and caudal fin. The size of the
depression, usually relative to the size of the male
involved, can be up to six inches (15 cm.) deep and two
to four feet (.61 to 1.22 m.) in width (Sigler and Miller,
1963). Construction may take as long as two days in
advance of egg deposition (Kramer and Smith, 1962; La
Rivers, 1962).
In Lake Mead, depths of the nest have varied from
three feet (1 m.) to over 15 feet (4.57 m.) (Jonez and
Sumner, 1954); and in 1973, nesting was observed by
divers at 24.5 feet (7.5 m.) (Allan and Romero, 1975).
In Lake Mohave, nest depths have been observed to
vary from two feet (.61 m.) to over 10 feet (3.0 m.)
(Jonez and Sumner, 1954).
Nests have been found on a wide variety of substrate.
Bass of both Lake Mead and Lake Mohave have been
observed using bedrock, tamarisk rootlets, _
mentous algae mats, rocks, rubble, and gravel
the nests were located in association with a pi
large object such as rocks, ledges, or submerj
isk. No nests were observed on dominant
substrates (Jonez and Sumner, 1954; Lake
Progress Report, 1974), and Robinson (1961)
that bass will not spawn on silty bottom t
ever, nests were observed in areas where sand
had been swept clear (Allan and Romero,
Due to the length of the spawning season,
used and reused. During 1973, Lake Mead bass
nest three separate times (Allan and Romero,
The degree of slope on which bass nests
structed can vary from level to 52° (Allan and
1975).
Spawning Behavior: After construction of
the male seeks out a ripe female and herds her
nest where spawning takes place (La Rivers, 1
spawning ritual has been observed by divers
Mead. A pair of spawners was disturbed by ini
divers and both left for a short time. The male n
first and, after losing interest in the divers,
playing to encourage the female, observed sev
away in a sheltered area, to return. The display1
sisted of the male losing stability and flashing his
side to the female while drifting toward the surface!
female approached, and both bass assumed a hi
position over the nest and spawning vibrations
menced (Allan and Romero, 1975).
After the egg deposition, the female leaves
driven away by the male. The male then assumes gi
ianship of the nest (La Rivers, 1962). Prior to egg
ing and during early fry development, the male cl
the nest area of silt and small debris by fanning with*
fins and protects the eggs and sac fry from predai
(Sigler and Miller, 1963).
After hatching and early development, the fry
into a "ball" or "swarm" and for the first few
move very little (Jonez and Sumner, 1954). Occasio
swarms of fry merge into one large group with
guardian male then assuming the responsibility of safi
for the entire swarm (Allan and Romero, 1975). Afi
about two weeks, the fry disperse into small schools,
this time, the male will no longer protect the fry
often becomes a predator upon them (Jonez and Su.1
ner, 1954).
The male bass can be a very effective guardian again;
single invaders but is helpless to defend against a group]
of intruders. While the guardian is chasing away
invader, the other can move in to raid the nest (Mraz,:
1964). An example of this was observed in Lake
Mohave. A large group of carp approached a bass nest,
and the guardian male attacked several of the intruders.
While the male bass was distracted, other carp moved in
and consumed the nest contents (Jonez and Sumner,
1954).
Aggressiveness of the male guardian ranges from
threatening advances to actual physical assault on
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The male guardian is considered essential for
uj fry production in Lake Mead (Allan and
liCto, 1975).
^Weather Conditions: Weather plays a critical role in
I ncing bass spawning success.. Cold weather and
winds during spring spawning months have an
rse effect on spawning bass. A water temperature
of 4° F- (2-2° c-) to 6° F- (3-3° c-> coupled with
a ' - ' ; on causes erratic behavior in spawning bass,
condition occurs, the fish often abandon their
(Allan and Romero, 1975). Egg development is
affected and death can follow if the water temperature
drops too low—52° F. (11° C.) (Kramer, 1962; Kramer
did Smith, 1962). Cooler temperatures also encourage
fungus encroachment and expose the eggs or sac fry to
I extended predation since progression through the egg
I grid sac fry development period is slowed (Allan and
I Romero, 1975). Time of hatching can vary from two
jays rtis, 1949) to eight days (Sigler and Miller,
1963), ^nd the time of sac fry development can vary
from 3 to 13 days (Allan and Romero, 1975) (Table 48).
I Table 48. Development time of eggs and sac fry v. water
| temperature'
( Jtmperalure range
I 55-60° F
f (12.8-15.6° C.)
60-65 r 7
(15.6 .3° C.)
65(is.v—1.1° c.)
70-75° F
(21.1-23.9° C.)
Eggs in Nest (days) Sac fry in Nest (days)
High Low Avg. High Low Avg.
13 - ~ -8
... 4
... 4
4 5.4
3 4.7
3 3.1
3 3.1
3 7.2
13 3 7.2
11 4 6.7
7 5 6.0
'Lake Mead Job Progress Report, 1974.
Factors influencing the effect of wind, waves, and
temperature upon hatching success are nest depth, loca-
tion of nest, direction of wind, and type of substrate on
wh a the nest is constructed (Kramer, 1962; Kramer
ana Smith, 1962). In Lake Mead, divers have recorded
heavy surges of water from waves during windstorms as
deep as 10 feet (3.0 m.). Unprotected nests subject to
wind and wave action from great, open expanses of
water were not successful in hatching fry (Allan and
Romero, 1975).
Water Elevation: The water elevation in Lakes
Mead and Mohave can fluctuate from year to year
d ending upon many factors. Runoff from the upper
C iorado River drainage, upstream storage patterns of
Lake Powell and other impoundments, and power and
water needs for the western United States can influence
Lake Mead and Lake Mohave levels. This elevation
change appears to have a tremendous effect on spawn-
ing and rearing success for largemouth bass.
Rising water levels create vast shoreline areas of inun-
dated terrestrial plant life which becomes valuable as
c >ver for fry and fingerling bass. The rising water also
>^°<irs to stimulate larger populations of zooplankton
4uatic insects useful as food to young bass. Excel-
lent bass production in 1973 in Lake Mead was coinci-
dent with the flooding of terrestrial plants (Allan and
Romero, 1975). Good 1973 production in Lake Mohave
was also attributed to rising spring lake levels (Lake
Mohave Job Progress Report, 1973).
Stable water levels encourage growth of aquatic plant
life also valuable as cover and rearing habitat. A good
bass production year in 1972 was attributed to a stable
water condition providing lush aquatic plant growth
(Allan and Romero, 1975).
Declining water levels appear to have a devastating
effect on bass reproduction. In declining water years, no
flooding of terrestrial plants can be possible, and the
lush aquatic plant growth that occurs during a stable
water year also eventually disappears, leaving the fry
and fingerling bass open to predation and poor weather
conditions. Receding water levels coupled with strong
winds can cause a great deal of bank erosion resulting in
the burial or suffocation of eggs and sac fry. Declining
waters also produce an accumulation of debris which
could affect the selection, construction, and success of
nests. A poor production year in 1974 was attributed to
declining water levels in Lake Mead (Table 49).
Table 49. A comparison of lake level to the production rating of
largemouth bass from 1958-1977 (Lake Mead Job Prog-
ress Reports, 1958-1977).
Rating
Good
No rating
No rating
No rating
Good
Poor
Poor
Good
Fair
Poor
Good
Good
Fair
Fair
Good
Excellent
Poor
Fair
Fair
Fair
" rating in later
in later years.
Year
1958 .
1959
1960
1961
Spring water level
Rising'
1962 Rising
1963 Declining2
1964 Declining
Rising
Stable
Stable
Rising
Rising
Stable
1965
1966.
1967.
1968.
1969
1970.
1971 Declining
1972 Stable
1973 Rising
1974 Declining
1975 Declining
1976 Declining
1977 Declining
'"Good" rating in early years may have been an "excellent'
years.
"'Poor" rating in early years may have been a "fair" rating
The aspect of cover is a major component of good
bass habitat and figures prominently in the population
dynamics of largemouth bass in Lakes Mead and
Mohave. The nature of the two types of cover, sub-
merged terrestrial plants and lush aquatic plant growth,
offers some flexibility for managing the bass fishery in
the future (Allan and Romero, 1975).
Water Quality: In Lake Mead, water quality meas-
urement of pH, transparency, and dissolved oxygen
taken at nest sites indicated no noticeable relationship
with hatching success (Allan and Romero, 1975). Read-
ings taken in 1973 showed that pH ranged from 7.8 to
8.9 and dissolved oxygen readings ranged from 8.0 to
13.0 ppm. Visibility readings ranged from 6.0 feet (1.8
m.) to 26.0 feet (7.9 m.) (Lake Mead Job Progress
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Report, 1973). Swingle (1956) stated that waters with a
salinity over 5,000 ppm and pH below 5.0 or above 10.0
are unsuitable for bass spawning. Cooper and Wash-
burn (1949) and Moss and Scott (1961) determined that
bass would not survive in water where dissolved oxygen
concentrations fell to 1.5 ppm or less.
Food Habits
Adult: Adult largemouth bass are carnivores, eating
almost anything small enough to be swallowed
(Minckley, 1973). Bass have been known to take worms,
frogs, crayfish, insects, and small birds and mammals.
The mainstay of their diet, however, is fish including
their own kind (La Rivers, 1962; Sigler and Miller,
1963). Adult bass are normally solitary in nature. Most
inhabit areas near shoreline cover awaiting prey to come
within reach. However, occasional deep-water feeders
have been observed (Minckley, 1973; Sigler and Miller,
1963).
Prior to the introduction of threadfin shad (Doro-
soma petenense) into Lake Mead in late 1954, the main
source of food utilized by bass consisted mainly of other
centrarchids. Moffett (1943) reported that bluegill made
up the main bass forage at that time. Jonez and Sumner
(1954) found that black crappie comprised the bulk of
bass forage during their study. It was found that even
crappie 5 to 8 inches (13.7 to 20.3 cm.) in length were
being utilized as forage by large bass. Bluegill were also
found in several bass stomachs and carp and channel
catfish were found, rarely. No native fishes were found
in bass stomachs at that time. In Lake Mohave in
1954, bass were found to be foraging on bluegill,
green sunfish, small carp, and other bass (Jonez and
Sumner, 1954).
Threadfin shad, since their introduction, have become
the primary forage fish for both Lake Mead and Lake
Mohave bass. In Lake Mead, shad were found to com-
prise the main item taken the year around except for a
short time during the winter months when aquatic
insects (Chironomidae) were found most abundantly.
Other food items identified as occasionally taken during
the year were bluegill, channel catfish, other bass, crus-
tacea, and detritus (Deacon et al., 1972). (Table 50). In
Lake Mohave, threadfin shad have been determined to
be the primary forage fish, consumed slightly less often
than aquatic insects. Other major food items identified
were crayfish and salamanders, a popular bait item
(Johnson, 1974). (Table 51).
Table 51. Stomach contents of largemouth bass in ]
expressed as number of occurrences (Johnson,
Empty
Chironomidae
Organic debris
Dorosoma
Crayfish
Fish remains
Salamanders
Acarina -
Algae
Gammarus
Simulidae.
Micropterus
Formicidae
Inorganic material
Daphnia
Bosmina
Alphidae
Psyllidae
Annelida
Gastropoda
There have been numerous observations of fr
fingerling bass being preyed upon by larger bass..
years of poor habitat, and in good years of high pr
tions, a certain amount of young bass will be leftf
out adequate cover and open to predation.f
predation is considered a normal function for the |
rally piscivorous fish (Allan and Romero, 1975).|
Subadult: Fry and fingerling bass feed on ir
crustaceans, and other small fishes (Minckley, 1$
Zooplankton is a major food item for bass fry, whe
the larger, adult chironomids are the main sour
food for fingerling bass. Other small fishes are oft
upon heavily by fingerling bass when zooplanktoi
aquatic insect populations are low (Baker and Bu
1976).
Poor survival of young bass in Lake Mead has of
been attributed to an inadequate food supply. Plankt
samples were taken during 1973 and 1974 from
rearing areas to determine quantity and type of pla
ton available to fry and fingerling bass. The 1973 resu
showed a very high total plankton population with:
plankton content ranging from 50 percent to 100
cent of the total volume. Cladocera comprised most 1
the zooplankton collected with Copepoda comprisinl
the rest. In 1974, a great reduction in total volume of '>"
.plankton was recorded as compared to 1973. ZooplankJ
ton content had also decreased drastically in amounl
and type. Only 15 percent to 20 percent of the total volj
ume was found to be zooplankton. Copepoda was the
Table 50. Stomach content of Lake Mead largemouth bass expressed as percentage frequency of occurrence (Deacon et al., 1972).
Month o/year Oct.
Total number fish examined 233
Food Items:
Threadfin shad 52.2
Largemouth bass 1.8
Bluegill sunfish 6
Channel catfish 6
Fish remains (unidentified) 11.6
Chironomids 3.9
Crustacea
Detritus- 2.6
Empty stomach 84.6
Nov.
22
25.0
6.6
2.0
7.5
45.0
Dec.
6
20.8
1 8
.8
2.3
38.4
.8
1 8
38.4
Jan.
5
12 0
100.0
Feb.
113
1.2
1.2
67.0
5.4
74.7
Mar.
150
9.0
2.8
23.4
19.1
67.0
Apr.
66
17.9
3.0
13.4
29.2
May
54
45.0
5.8
1.9
14.2
49.0
Jan.
16
33.0
66.0
M.
17
40.0
1.2
29.4 37.5
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undant zooplankton species found, comprising
,-nt to 80 percent of the total with Cladocera
I king UP tne remainder (Lake Mead Job Progress
gpOTt, 1974).
The good zooplankton year (1973) coincided with a
bass rearing year, whereas the poor zooplankton
(1974) coincided with a poor bass survival year,
relationship of food availability to young bass
^a'nnoi be shown as directly affecting survival rates for
the two years even though damaging losses were expe-
rienced during the active fry stage in 1974 when plank-
ton volumes were low. It can be assumed that the
inundation of green, terrestrial plants, achieved on a ris-
ing water level, is a major factor influencing the species
and amount of zooplankton produced in a given year
(Allan and Romero, 1975).
In Lake Mead and Lake Mohave, zooplanton has
beer found to be the primary item utilized by advanced
fry ..' to .8 inches (8 to 20 mm.) in length. It was also
found that adult chironomids were the primary food
item of fingerling bass in both Lake Mead and Lake
Mohave. Fingerling bass also fed frequently upon other
smaller fishes (Table 52). The smaller fry .3 to .5 inches
(8 to 12 mm.) in length were found to be feeding upon
the smaller organisms such as Cyclops and Bosmina,
and the larger fry .6 to .8 inches (16 to 20 mm.) were
found to be feeding upon the larger Daphnia. A greater
va ty of food items was found in bass fry .5 to .6
inc (12 to 16 mm.) in length. Fish smaller than .3
inc'ix_ (.8 mm.) contained no food in their stomachs, and
yolk material was still evident (Baker and Burk, 1976).
(Tables 53 and 54).
Food availability often dictates a change in feeding
habits. In Lake Mead in 1954, bass fingerling 2 inches (5
cm.) in length were found to switch diets from plankton
Table 52. Occurrence of the three major food items found in the
stomachs of fry and fingerling bass in Lake Mead and
Lake Mohave (Baker and Burk, 1976).
Total length
.3-.5 inches (8-12 mm.) 100
.5-.6 inches (12-16 mm.) 100
.6-.8 inches (16-20 mm.) 100
1.6-1.7 inches (40-44 mm.) 83
1.7-1.9 inches (44-48 mm.) 83
1.9-2.0 inches (48-52 mm.) 79
2.0-2.2 inches (52-56 mm.) 83
2.2-2.4 inches (56-60 mm.) 36
2.4-2.8 inches (60-70 mm.) 25
2.8-3.9 inches (70-100 mm.) 11
Percent occurrence
Crustaceans Insects
3
10
0
50
100
79
94
72
83
66
Fish
0
0
0
17
0
14
6
40
25
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to fishes; and by the time the fish were 4 inches (10.2
cm.) in length, fishes comprised the only food item uti-
lized. This type of feeding conversion could have been
attributed to a lack of small aquatic invertebrates. In
Lake Mohave during 1951 and 1952, bass foraged
mainly on young carp. Because of fewer young carp in
1953 and 1954, bass diets changed to bluegill, green sun-
fish, and other bass (Jonez and Sumner, 1954). Food
habits can also change with different lake locations.
Baker and Burk (1976) found that while fingerling bass
in one area were feeding mainly on zooplankton or
aquatic insects, fingerling in other areas were feeding on
other fishes. In Clear Lake, California, 1974, study
revealed that young bass were switching diets from zoo-
plankton to Mississippi silversides (Menidia audens)
upon reaching 1.5 to 2 inches (3.8 to 5 cm.) in length.
However, in 1975, the switch from zooplankton to fish
did not occur until the young bass were 2.3 to 2.8 inches
(5.7 to 7.0 cm.) in length. Due to the lack of abundance
of silversides, bluegill were found to be the main source
of forage. This dietary difference was felt to reflect
upon the availability of food items (Moyle, 1976).
T >iie 53. Average number and percent occurrence (in parentheses) of food items in stomachs of advance fry largemouth bass from Lake
Mead and Lake Mohave (Baker and Burk, 1976).
.3-.S in.
Food Hem L. Mead
Adult Copepods
Cyclops bicuspidatus ............................................................. 4.0(75)
Cyclops vernalis ..................................................................................
Diaptomus clavipes ............................................................................
mesocyclops edax. ................................................................... 1 .0(12)
Diaptomus siciliodes. ............................................................. 1.0(12)
Copepod Copepodis
Cyclops ...................................................................................... 4.9(62)
Diaptomus ................................................................................ 3 .0(25)
Unidentified .............................................................................. 1.0(12)
Copepod nauplii .......................................................................... 2.3(37)
Cladocerans
Bosmina longirostris. ............................................................. 4.8(75)
Daphnia sp ............................................................................... 1 .0(25)
Chydorus sp ............................................................................. 19.5(25)
Alona sp .................................................................................... 3.5(25)
Rotifers
Keratellasp ...........................................................................................
Asplanchra. ...........................................................................................
P ~
(8-12 mm.)
L. Mohave
1 .0(4)
2.6(80)
'a
Chi. ^ i
Larval
Number of fish
2.8(38)
1 .0(9)
2.7(33)
3.2(71)
7.9(95)
1 .6(47)
2.1(42)
1 .0(4)
2.0(4)
21
Fish length
.5:6in. (12-16 mm.)
L. Mead L. Mohave
8.8(66)
16.5(33)
2.8(66)
15.7(60)
10.3(66)
27.0(16)
20.2(66)
14.0(66)
4.0(16)
4.0(33)
1.0(16)
1.0(16)
9.6(92)
1.3(28)
6.9(100)
2.0(50)
3.2(92)
22.2(100)
1.5(57)
1.0(14)
1.0(14)
"7.6(7)
1.0(14)
14
.6-.8in. (16-20mm)
L. Mead L Mohave
2.8(88)
1.0(11)
1.0(11)
2.7(33)
2.5(22)
1.0(11)
1.0(11)
1.5(22)
7.5(88)
22.1(88)
2.5(22)
1.5(11)
15.3(100)
4.0(66)
14.7(66)
2.7(100)
4.0(66)
4.0(33)
13.3(100)
11.0(33)
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Age and Growth
Age Determination: The determination of age is an
important tool for population and growth analysis in
fish. There are several methods of aging available. The
best and most frequently used method is the annual ring
method. This depends on the interpretation of growth
records appearing in the bony parts of fish, usually the
scales (Royce, 1972).
There are several types of scales found in fish. Differ-
ences in shape and structure of the scale determine the
type classification (Lagler et al., 1962). Spiny-rayed
fishes such as the Centrarchids have ctenoid type scales.
These scales are normally shield-shaped with ctenii or
"teeth" projecting on the posterior margin (Miller,
1966; Lagler et al., 1962). Most of the scale's upper
margin is covered by ridges called circuli. Usually, the
circuli are concentric around a center spot or focus. In
many species, grooves called radii extend from the focus
to the scale margin. When growth ceases or slows, usu-
ally in winter, and resumes in the spring, the circuli pat-
tern changes, forming the important year mark or
annulus (Lagler, 1956; Miller, 1966; Tesch, 1971) (Fig-
ure 18). Generally, the greater the seasonal temperature
change, the more distinct the annuli become (Tesch,
1971). Often in areas where water temperatures do not
inhibit growth during the year, annuli may fail to
develop (Buchholz and Carlander, 1963).
Factors other than temperature change can cause or
assist in annulus formation. Changes of food habits,
spawning conditions (Beckman, 1948), and injuries can
influence annuli formation or create irregular circuli
patterns often making scale analysis difficult (Royce,
1972). Also, Regier (1962) concluded there can be a rela-
tionship between latitude and time of annulus forma-
tion.
Scales taken for analysis should always be collected
from the same approximate area of each individual fish
(Tesch, 1971). The location where scales are collected on
Centrarchids lies on the left side of the fish between the
Figure 18. Ctenoid scale from a bluegill sunfish
(Lepomis macrochirus) (Miller, 1966).
dorsal fin and the tip of the pectoral fin (Miller, 1966).
Several scales should be taken from each fish to insure
the obtaining of useful scales. Damaged or regenerated
(replaced) scales lack the necessary circuli and annuli
and are useless for analysis (Miller, 1966).
From the relationship of the annuli observed on
scale, other useful data can often be obtained. P
growth records can be calculated, and the relationship
of scale size to body size can be determined (Tescl
1971; Royce, 1972). Body and scales may not grow
the same rate, however, and care is necessary to mi
mize error (Royce, 1972).
Annulus formation in Lake Mead bass has b
Table 54. Average number and percent occurrence (in parentheses) of food items found in stomachs of fingerling bass from Lake Mohavej
(Baker and Burk, 1976).
1.6-1.7 in. 1.7-1.9in. 1.9-2.0in.
Food item (40-44mm.) (44-4Smm.) (48-52mm.)
Adult Copepod
Cyclopsvernalis 3.5(67) 45.5(83) 16.1(64)
Diaptomus claripes. 2.0(17)
Diaptomus siciloides.
Macrocyclops albidus. 4.0(8) 9.0(7)
Cladocerans
Bosmina longirostris. 851.0(83) 64.7(60) 16.2(29)
Daphiniasp 5.0(17) 7.8(42) 14.5(21)
Chydorussp 21.0(33) 5.4(42) 2.3(29)
Scapholegeris kingi. 2.0(17) 87.0(14)
Rotifers 44.0(33) 4.0(17)
Chironomids
Adults 2.0(17) 14.7(83) 5.5(57)
Pupae 2.0(7)
Larvae 3.0(33) 4.6(58) 4.0(43)
Mites (Acarina) 2.0(17) 5.0(33) 9.8(29)
Other invertebrates 2.0(17) 7.5(14)
Fish 4.0( 17) 2.0( 14)
Empty stomachs 0 0 0
Number of fish 6 12 14
•Includes 5 fish collected from Lake Mead.
Fish length
2.0-2.2 in.
t!2-56mm.)
39.3(39)
2.2-2.4 in.
(56-60mm.)
5.0(9)
2.4-2.Sin.
(60-70mm.)
2.8-3.9 in
(70-100mnt.J
5.0(6)
2.0(6)
5.0(33)
4.0(11)
6.8(27)
3.0(27)
9.4(89)
2.0(6)
4.2(22)
6.3(72)
1.0(17)
1.0(6)
0
18
7.0(9)
2.0(18)
2.0(9)
7.5(55)
4:7(27)
4.0(9)
1.0(9)
4.3(27)
1
11*
21.7(25)
7.0(92)
5.7(8)
2.7(25)
0
12
4.7(67)
2.8(44)
2:2(55)
1
9
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o vary greatly. The period of formation can
om January through May with the primary
•jod of formation usually occurring from February
March. During warmer years, water temper-
atures in Lake Mead can remain near or above the mini-
mum temperature for growth. Even during colder years,
5orne growth may occur during short, warm periods.
This could account for two types of annulus formation
founo in Lake Mead bass. The first type was shown by a
tightly packed group of circuli forming the annulus. The
second type of annulus formation was shown by the
fragmentation of the first spring circuli (Minckley,
1972). Lagler (1956) and Ricker (1958) also noted these
two basic formation types.
The formation of annuli in Lake Mead bass may
result from a combination of temperature and food
habits. The extra energy provided by the seasonal die-
tary "hift from chironomids to threadfin shad coupled
wit) acreasing, spring water temperatures could pro-
vide the necessary stimulus for annuli formation
(Minckley, 1972).
Age Structure and Growth Rates: Age structure and
growth rates for largemouth bass populations vary
greatly with geographic locale (La Rivers, 1962). Large-
mouth in the colder, northern areas live longer, up to 16
years (Bennett, 1962), but grow more slowly, up to 8
pounds (3.6 kg.) (Sigler and Miller, 1963), than bass
in! biting the warmer, southern areas. In the warmer
are.0 'argemouth can live up to 12 years (Bennett,
1961 d grow to weights exceeding 20 pounds (9.1 kg.)
(SigleTand Miller, 1963).
In Lake Mead, a bass weighing 10 pounds (4.5 kg.)
was aged at 8 years old, and reported 12 pounders (5.4
kg.) were possibly older (Jonez and Sumner, 1954).
Most of the bass harvested by anglers in Lake Mead
average 3 years or less in age (Lake Mead Job Progress
R-norts, 1974 and 1975; Jonez and Sumner, 1954).
labitat and environmental conditions also can be
important in determining maximum age and size of
largemouth bass (Deacon et ah, 1972; Sigler and Miller,
1963). Rounsefell and Everhart (1953) and Kramer and
Smith (1960) concluded that water temperature directly
affects growth rates and total lengths of individual fish.
Growth usually commences when the water temperature
reaches about 60° F. (15.6° C.) (Swingle, 1949), how-
ever, this can be variable between areas and years (Beck-
an, 1948). The species thrives best in waters reaching
•)° F. (26.6° C.) during the summer months (La Rivers,
1962).
Nikolskii (1969) stated that growth can also be
dependent upon food supply. It was determined that the
abundance, type, and availability of food organisms as
well as the length of the active feeding season can be
important in influencing the growth rates for large-
mouth bass.
In 1976, largemouth bass from the Ruby Marsh of
lortb astern Nevada were stocked into Lake Mead in
lop f determining the feasibility of improving the
catch rate in Lake Mead with wild fish from other
sources. The growth pattern exhibited by these fish was
interesting. In the colder Ruby Marsh, growth rates are
very slow due to a short growing season. However, these
same fish, following their release into Lake Mead, grew
at an outstanding rate. One fish, harvested a year later,
had grown from 9.5 inches (24.1 cm.) to 14 inches (35.6
cm.) over an 11-mounth period. Another had grown
from 9 inches (22.9 cm.) to 12 inches (30.5 cm.) over a 6-
month period. Many of the bass returned were growing
at a rate of approximately .35 inches (8.9 mm.) per
month. This accelerated rate of growth was attributed
to the longer growing season and more abundant forage
in Lake Mead as compared to the poorer growth condi-
tions in the Ruby Marsh (Lake Mead Job Progress
Report, 1976).
In addition to temperature and food supply, growth
rates may also be affected by water fluctuations. A high
water elevation in Lake Mead in 1952 coincided with an
exceptional growth year for young bass. In 1956,
another good growth year, water elevations for Lake
Mead increased through the summer (Minckley, 1972).
Another rising water year, 1973, was also coincident
with an excellent bass rearing year (Lake Mead Job
Progress Report, 1974). Rising water elevations appear
to be beneficial for good growth rates of young bass in
Lake Mead (Minckley, 1972).
Pre-Shad Growth: The lack of forage for large-
mouth bass in Lake Mead was an important factor
inhibiting the growth of bass, especially young bass,
prior to 1954. Before the introduction of threadfin shad
into Lake Mead, growth rates for largemouth bass were
inferior during the first two years of life when compared
to bass of other large waters. Many of the bass were also
in poor body condition. After these first two years,
greater growth was accomplished, and the Lake Mead
bass became similar in size to fish of other comparable
waters (Jonez and Sumner, 1954).
In Lake Mohave, largemouth bass also grew slowly
before the shad introduction. Growth averaged about 4
inches (10.2 cm.) a year for the first two years, and then
growth slowed thereafter (Jonez and Sumner, 1954)
(Table 55).
Post-Shad Growth: The introduction of small,
planktivorous fishes into forage deficient waters has
become a common fishery management tool. These
small fishes, such as threadfin shad, feed heavily on zoo-
plankton and, in turn, are fed upon by the larger, pisci-
vorous game species (vonGeldern and Mitchell, 1975).
With the successful introduction of threadfin shad
into Lake Mead, a sound forage base was established.
This introduction was an important factor influencing
growth rates of largemouth bass in the lake (Lake Mead
Job Completion Report, 1956). Since 1955, after the
shad were stocked, largemouth bass have been growing
faster than in previous years (Deacon, 1972). Growth
rates for largemouth during their first year of life have
been considerably greater. There has, however, been a
slight reduction of growth rates in the older bass. The
bass are also in much better overall body condition since
the shad introduction (Minckley, 1972) (Table 55).
This same type of growth pattern has been recorded
60 FISH OF LAKE MEAD AND LAKE MOHAVE
for other large, fluctuating impoundments. In Lake
Havasu, all ages of bass grew faster after the introduc-
tion of shad (Kimsey et al., 1957).
There is one possible negative result from the intro-
duction of planktivorous fishes. Growth and survival of
young game fish may decline as a direct result of compe-
tition for food with the obligate plankton feeders (von
Geldern and Mitchell, 1975).
Deacon (1972) concluded there was no difference in
growth rates between sexes of Lake Mead bass.
Length-Weight Relationship: Fish, like all animals,
grow in both length and weight. Length-weight compar-
isons are commonly used to illustrate changes in body
shape or in condition of the fish (Royce, 1971). From
this relationship, it is also possible to accurately convert
length into weight and weight into length (Lagler, 1956).
In considering the relationship W = al", growth is con-
sidered isometric when the constant "b" is equal to 3.0
(Ricker, 1958) and allometric if greater or less than 3.0
(Le Cren, 1951). Linear growth is occurring faster than
weight growth when the constant falls below 3.0. When
the constant is greater than 3.0, weight is increasing
faster than length. In normal fish populations, the
growth constant is variable, usually between 2.0 and 4.0
(Tesch, 1971).
Physical and environmental factors can affect length-
weight relationships. These facts include sex, age, sea-
son, and, even, time of day. Often marked differences
exist between individuals of the same species and popu-
lation (Ricker, 1958).
Allometric growth has been recorded during several
studies on Lake Mead. In 1959, study revealed that the
growth constant was greater than 3.0 and averaged
3.9957. Two other studies showed values less than 3.0
with a 1963 average being 2.2477 and a 1971 average
being 2.6208. Length-weight relationships
increase with increased age of the fish, indicating^
ing in linear growth and an increase in weight,
trend was followed by Lake Mead bass (Minckleyf
(Table 56).
Table 56. Calculated "b" values based on length and
data for largemouth bass from Lake Mead (
1972).
Age classes
Location a n d year 1 2 3
Temple Bar, 1959 1.320 2.6870 3.1649
Boulder Beach, 1963 3.6190 2.8538 1.1808
Las Vegas Bay, 1971
(Males) 2.9238
Las Vegas Bay, 1971
(Females) 2.4018 3.3158 3.2867
3.3471 4.0734
Studies on Lake Mead bass have revealed variatic
the length-weight relationships. Differences between]
groups, sexes, seasons and location have been
Monthly variation during the months of March I
April has also been found, indicating a loss of we
during spawning season (Minckley, 1972). There]
can be differences relative to changing diet and
sitism (Bryant and Houser, 1970).
Condition Factor: Condition factor is a commc
used index to determine the degree of wellbeing orfjf
ness of fishes (Hile, 1936). Based on the cubic relatiq
ship of w = KP where K x 100,000 is the conditi
factor, 3.0 is considered the optimal value (Roy
Cooper, 1961). This optimum, however, is rare
attained (Cooper, 1961). As bass grow, their conditio
factor usually increases (Morgan, 1958), howeve
abrupt condition changes can occur (Bennett, 1971J
These changes can be related to advancing age, sex, tin
Table 55. Comparison of growth rates of Lake Mead and Lake Mohave largemouth bass (before and after introduction
threadfin shad) and bass of other waters.
A verage lengths in inches (cm.I at each annulus
Water and source
Morris Reservoir, Tenn., Stroud, 1948
Hiwassee Reservoir, Tenn., Stroud, 1948
Texoma Lake, Okla., Jenkins and Hall, 1953..
1 2 3 4 5
6.9 12.2 14.7 16.1 17.5
(17.5) (31.0) (37.3) (40.9) (44.5)
5.6 10.3 13.0 14.3 15.2
(14.2) (26.2) (33.0) (36.3) (38.6)
8.1 12.4 15.6 18.0 19.1
(20.6) (31.5) (39.6) (45.7) (48.5)
Grand Lake, Okla., Jenkins and Hall, 1953 6.3 11.8 14.6 17.1 18.9(16.0) (30.0) (37.1) (43.4) (48.0)
Before Introduction of Threadfin Shad
Lake Mead, Moffett, 1943 10.3 12.6 13.4 14.6 15.2
(26.2) (32.0) (34.0) (37.1) (38.6)
Lake Mead, Jonez and Sumner, 1954 5.3 10.3 13.7 16.4 18.5
(13.5) (26.2) (34.8) (41.7) (47.0)
LakeMohave, Jonez and Sumner, 1954 4.2 8.0 11.5 14.3 15.8
(10.7) (20.3) (29.2) (36.3) (40.1)
After Introduction of Threadfin Shad
Lake Mead, Ariz. Game and Fish, 1965 7.3 11.5 14.0 15.8
(18.5) (29.2) (35.6) (40.1)
Lake Mead, Minckley, 1972 7.9 12.4 14.1
(20.1) (31.5) (35.8)
LakeMohave, Nev. Fish and Game, 1977 7.0 11.4 14.2 16.6 18.0
(17.8) (29.0) (36.1) (42.2) (45.7)
of
(49.0
(52.6)
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>r(Lagler, 1956), food availability (Bennett, 1971),
asitism (Bryant and Houser, 1970).
Lake Mead, little variation in condition factor has
found in bass of different age, sex or location. A
condition factor value determined in 1971 averaged
from 1.016 to 1.018 in males and females, respectively.
Values determined for 1963 averaged 1.109 (Minckley,
1972) These values would indicate that Lake Mead bass
jre nor as robust as possible. The findings do fall within
the accepted range limits and are considered normal for
Lake Mead bass (Minckley, 1972) (Table 57).
Table 57. Average condition factor for largemouth bass for
three years from various areas of Lake Mead
(Minckley, 1972).
Location and year 1
Tern pie Bar, 1959 1.002
B o u . ' - r Beach, 1963 1.125
Las gas Bay, 1971 1.012
Las Vegas Bay,
(Males) 1.027
Las Vegas Bay,
(Females) 1.006
Age classes
2
1.012
1.130
1.042
1.014
1.047
Mean for
3 year
1.004 1.006
1.206 1.019
1.005 1.018
1.008
1.002
1.016
1.018
Distribution and Movement
Distribution: Largemouth bass prefer, and are gen-
erally most abundant in, lentic environments (Minckley,
19 ""}). Bass, which were introduced to the area between
1^ 5 and 1940, are found throughout the length of both
I Mead and Lake Mohave, primarily in the warmer,
nture suitable areas (Jonez and Sumner, 1954). Even
before the creation of Lake Mohave, a small bass popu-
lation was found in the Colorado River below Hoover
Dam (Baldwin, 1945).
Vertical Movement: Largemouth bass have been
found to inhabit waters from the surface to great depths
depending upon the time of year. With the approaching
j awning season, bass gradually rise into shallow water
v.here they remain until after hatching of the young.
After the young are hatched, the adults again descend
gradually into deeper water (Jonez and Sumner, 1954).
In Lake Mead, findings revealed that during March,
bass were more commonly found in waters 15 to 20 feet
(4.6 to 6.1 m.) in depth. In August and November, bass
were frequently observed at depths over 40 feet (12.2
m.) (Lockard et al., 1971), and occasionally bass have
cached depths of 100 feet (30.5 m.) (Jonez and Sumner,
954). The young of the year also have been observed
moving into deeper water. During late May through
July of 1973 and 1974 in Lake Mead, fingerling bass
were observed at depths of 25 to 60 feet (7.6 to 18.3 m.)
(Allan and Romero, 1975). In Lake Mohave, the same
type of vertical movement occurs, and bass have been
found as deep as 60 feet (18.4 m.) (Jonez and Sumner,
1954).
Lateral Movement: Tagging studies in Lake Mead
and Lake Mohave reveal that most largemouth bass
'e very little laterally. Individual fish can move
^icnsively, however. One marked bass was recovered
45 miles (72.4 km.) from its initial release site in Lake
Mead. Bass also have been observed up to .5 miles (.81
km.) from the nearest shore. This type of behavior is
considered unusual. In Lake Mohave in 1954, 449 bass
were tagged and released to determine extent and direc-
tion of movement. Of the 108 fish recovered, 68 (63 per-
cent) had not moved, 23 (21 percent) had moved
upstream an average of 2.5 miles (4.0 km.), and 17 (16
percent) had moved down an average of 4.9 miles (7.9
km.). The record movement downstream was 19 miles
(30.6 km.) and upstream 13 miles (20.9 km.) (Jonez and
Sumner, 1954). In 1974, another tagging operation at
Cottonwood Cove revealed that 54 percent of the bass
recovered were taken from the area of initial release.
Some upstream movement had taken place with fish
being taken 15.5 miles (24.9 km.) from the release site.
Recoveries were also made 1.5 miles (2.4 km.) down-
stream from the release site (Lake Mohave Job Progress
Report, 1975).
Environmental conditions can also affect movement.
Combinations of water level, food availability, and
water temperature can cause unusual movement pat-
terns. In Lake Mead in 1952, high water levels created
large areas of submerged terrestrial plants and that
served as shelter for young fish. Their presence, in turn,
attracted adult fish that moved in to prey on the smaller
fishes. In Lake Mohave, the attraction of numerous for-
age fishes coupled with cooling water temperatures have
concentrated bass into certain areas (Jonez and Sumner,
1954).
Importance to Fishery
The largemouth bass is a very popular food and sport
fish eagerly sought by anglers throughout the United
States and the rest of the world (Sigler and Miller,
1963). A unique and famous bass fishery was created in
Nevada and Arizona by the filling of Lake Mead (Mof-
fett, 1943).
The largemouth bass has a status of tremendous
importance in Lake Mead. For many years, the species
has been considered the most important game fish in the
lake (Jonez and Sumner, 1954). More recently, Nevada
Fish and Game creel census personnel, initiated a pro-
gram in 1975 to determine which fish species was most
sought by anglers. Largemouth bass annually receive
between 30 and 40 percent of the angling effort, lake-
wide. This effort for largemouth bass indicates that they
are still a very important species in Lake Mead (Lake
Mead Job Progress Reports, 1975, 1976, 1977) (Table
58).
Table 58. Lakewide angler effort (in percentages) for Lake Mead
largemouth bass by year (Lake Mead Job Progress
Reports, 1975, 1976, 1977).
1975' 39.3%
1976 40.2%
1977 32.9%
'April through December data.
Over the past five years, the bass fishing success has
declined from previous years. Expanded catch estimates
from Nevada Fish and Game creel census data from
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1958 to 1969 showed the total harvest of bass remained
fairly constant, numbering into the 400,000's every
year. From 1970 to 1977, the total estimated harvest has
decreased substantially with the lowest harvest year
recorded in 1977 (Table 59).
Table 59. Total estimated largemouth bass harvested and per-
cent total catch from Lake Mead from 1958 to 1977
(Nevada Fish and Game expanded creel census data).
1958 376,533 74.6%
1959-60. 515,479 74.4%
1960-61 485,562 79.5%
1962. 489,294 78.0%
1963 799,592 70.0%
1964 458,573 71.0%
1965 469,762 66.3%
1966 408,533 63.6%
1967 460,039 71.9%
1968 402,198 54.2%
1969 416,042 55.9%
1970- 238,778 42.9%
1971 188,151 40.6%
1972 195,684 41.3%
1973 204,587 42.0%
1974 310,336 40.0%
1975 232,400 34.8%
1976.. 143,251 32.1 %
1977 141,142 24.5%
The determination of an economic value for the Lake
Mead bass fishery has not been computed. A contract
was recently awarded for completion in 1979. A study in
the 1960's on an Illinois lake revealed that angler
expenditures made each pound of bass harvested worth
$9.70 ($21.38 kg.) (Walden, 1964). The American Fish-
eries Society lists largemouth bass as being worth $2.85
per pound ($6.28 kg.) excluding fishing expenditures
(Pfeiffer, 1975).
The filling of Lake Mohave in 1951 encouraged the
establishment of an abundant bass population through-
out the length of the impoundment. During the early
years, most of the angling effort was directed toward the
rainbow trout (Salmo gairdneri) fishery in the lake. As
the bass population increased, many anglers switched
their attention from trout to bass (Jonez and Sumner,
1954).
Production from the Willow Beach National Fish
Hatchery in the mid 1960's stimulated the trout fishery
of the lake, forcing the bass fishery once again into a
secondary position. At that time, bass made up about 11
percent of the lakewide catch (Lake Mohave Job Com-
pletion Report, 1965).
Creel census data shows that largemouth bass are still
the second most preferred fish behind trout. In the
warm water areas of Lake Mohave, largemouth bass are
more important than in the cold water areas. Data com-
piled at Cottonwood Cove reveals that about 60 percent
of angler effort is directed toward largemouth bass.
Data from the cold water Willow Beach areas shows
that only about 5 to 8 percent of the angler effort is
directed toward largemouth bass, and most of this
effort is expended in the Eldorado area down lake (Lake
Mohave Job Progress Reports, 1975, 1976, 1977) (Table
60).
Table 60. Angler effort (in percentages) for Lake M
mouth bass by landing by year (Lake M'
Progress Reports, 1975, 1976, 1977).
1971'
Cottonwood Cove 37%
Willow Beach 5 %
'May through December data.
Expanded catch estimates from Nevada Fi»
Game creel census reports from 1962 to 1977
fluctuating total catch. Total catch estimates
from the low 100,000's in 1967 to just over 25,000|
1962. (Table 61).
Table 61. Total estimated largemouth bass harvested
cent total catch from Lake Mohave from 1962 to
(Nevada Fish and Game expanded creel censui
1962 25,395 jf
1963 48,868
1964 34,960
1965 42,721 if
1966 68,464
1967 104,044
1968 39,297
1969 62,272
1970 44,575
1971 51,967
1972 40,403
1973 58,674 lj
1974 88,868 19£
1975 54,850 203
1976 38,804 37JJ
1977 53,081 28 j
Largemouth Bass Tournaments
During the past decade, competitive fishing clubs i
tournaments, primarily for largemouth bass, ha
become widespread throughout the United States. The
tournaments have fostered considerable controve
within the angling public concerning the impacts the
events have on the resource. The Nevada Department <
Fish and Game has attempted to define these imp
for the fisheries in Lake Mead and Lake Mohave.
Attempts to monitor tournament-caught and releas
fish began during the fall of 1974 when 300 tourname
fish were tagged and released. Other later tournament
on Lake Mead and Lake Mohave were also monitored!
with fish being tagged and released. It was hoped th
tagging would provide data relating to survival of thesej
fish. Efforts were made to monitor and compare fish _
caught in both spring and fall tournaments.
A group of electrofished bass was used as baseline
information to determine the rate of harvest in Lake
Mead. These fish were captured by electrofishing,
tagged, and released in various assigned areas of the
lake. It was felt these electrofished bass would provide
catch figures indicative of the bass population in Lake
Mead.
Results from the first fall tournament in 1974 revealed
that only 8.3 percent of the 300 total tagged bass were
recaptured by anglers during a 12-month period. This
compared poorly with the return of tagged, electro-
fished bass from the same area. The electrofished bass
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f return of 37.5 percent over a period of 12
tournament fish caught and tagged in 1977
rned an overall total of only 6.2 percent of the 289
i tagged over an 8-month period. Sixty of these fish
re released in the Boulder Canyon area for compar-
ijan with a similar group of electrofished bass. The tour-
-srnent bass returned at a rate of only 6.7 percent while
•he eK "'ofished bass returned at a rate of 48 percent
^ing ..:•; 8-month period.
Another fall tournament was sampled during 1977
'.' when 50 apparently viable bass were selected, tagged,
^d released. In the three months since their release,
only 6 percent have been captured. This figure may
increase with the advent of warmer weather and sub-
sequent higher angling pressure.
No base data in the form of electrofishing has been
conducted on Lake Mohave. However, one major tour-
nam was sampled during September, 1975, at Cot-
lonwood Cove. Initial mortality of the approximately
490 captured bass was high. This was probably due to
high surface water temperatures of 82° F. (27° C.). A
total of 299 fish were tagged and released. Mortality of
these tagged fish was heavy. Within a few days of the
release, 20 percent of the tags were returned from dead
bass found in the vicinity of Cottonwood Cove. Only 6
percent of the tags were returned from angling during a
12-^onth period.
1 ,s felt the poor angler- returns for tournament-
rel 1 bass is a result of poor survival and not a func-
tion of reduced catchability. Survival is evidently a
reflection of the amount of stress suffered by the fish.
Observations of stress have been made on these
groups of fish. Symptoms of stress include: lethargy,
buoyancy, loss of equilibrium, erratic movement, color
changes of body and fins, and erratic opercular reflexes.
The impact competitive fishing has on the bass popu-
1; ons in Lake Mead and Lake Mohave is thought to be
si .all. This impact is of only minor importance when
compared to major influences of environmental condi-
tions. However, the decline in the bass fishery in Lake
Mead has brought about much public attention and
concern for the resource. There is a need to reduce the
apparent waste of fish caused by these tournaments.
These losses could be minimized by modifications of
tournament rules and regulations. Some possible recom-
'endations are:
1 . Subtract penalty points for entry of small fish or
uead fish.
2. Investigate the feasibility of scoring immediate
release procedures.
3. Keep all large fish. It has been observed that large
bass are more subject to stress.
4. Keep all fish that are obviously stressed. Each
competitive angler should be responsible for legal pos-
session of his catch.
5. Schedule tournaments to avoid extremes of water
te rature or rough water.
u. Improve live wells in bass boats and minimize the
time that fish will be held.
7. Reduce tournament catch limits.
Hopefully, these observations will lead to optimum
beneficial use of the resource with a minimum of con-
flict (Allan, 1978).
BLACK CRAPPIE
Taxonomy and Description
Taxonomy: The black crappie (Pomoxis nigro-
maculatus) (LeSuer) belongs to the sunfish family
Centrarchidae which contains black basses, crappies,
sunfishes, and Sacramento perch (Eddy, 1969).
Description: Black crappie are very distinctive in
appearance. The species can be described as having an
elliptical, laterally compressed body with a large,
tender, strongly oblique mouth. The top of the head is
dished and the upward slanting snout gives the fish a
curved appearance (Sigler and Miller, 1963).
Normally, coloration of the fish is dark green to
bronze on the dorsal area, turning silvery on the sides
and stomach. Dark, irregular blotches cover the sides.
The fins are flecked with grayish-green markings (Wai-
den, 1964). Considerable variation in color can occur
with changes of habitat and locale (La Rivers, 1962).
The black crappie is often confused with its close rela-
tive, the white crappie (Pomoxis annularis). A good dis-
tinction between the two species is the spine count of the
dorsal fin. The white crappie has five or six dorsal
spines, whereas the black crappie has seven or eight dor-
sal spines (Walden, 1964) (Figure 19).
WSSK/'t •> ».» V 'rf'.AV—'- - ''*«!
Figure 19. Black crappie (Pomoxis nigromaculatus)
(LeSuer).
Native and Introduced Ranges
Native Range: The black crappie is a North Ameri-
can species. The fish naturally ranged from Manitoba
and Quebec in southern Canada south into the United
States as far as eastern Texas and northern Florida
(Curtis, 1949; La Rivers, 1962; Sigler and Miller, 1963).
Introduced Range: The species has been widely
introduced into other parts of the United States and the
world. It is now common in waters throughout the west-
ern United States (La Rivers, 1962; Sigler and Miller,
1963). The introduction and establishment of black
crappie into Lake Mead occurred sometime between
1935 and 1937. Apparently the species was stocked by
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accident along with the bluegill. No mention is made of
the species in any of the early stocking reports (Wallis,
1951). After the filling of Lake Mohave in 1951, a popu-
lation of black crappie was discovered in that impound-
ment. These fish either came from Lake Mead through
Hoover Dam or moved up river from Lake Havasu
before the final construction of Davis Dam (Jonez and
Sumner, 1954).
Reproduction
Spawning Time: Crappie are spring spawning fish.
Spawning activity normally occurs from March through
May or June when water temperatures reach 58-64° F.
(14.4-17.8° C.) (Curtis, 1949; Sigler and Miller, 1963).
The time of spawning is variable with geographic
locale and size and age of the respective fish. Florida
crappie have been observed spawning as early as Janu-
ary, whereas crappie in the colder, northern areas may
spawn as late as July (Walden, 1964). Also, larger, older
fish often spawn earlier in the season than do younger,
smaller fish (Whiteside, 1964).
In Lake Mead, crappie have been observed spawning
from March through May at temperatures of 55-65° F.
(12.8-18.3° C.). The peak period of spawning occurred
between the middle of March and the last of April when
water temperatures were 57-62° F. (13.9-16.7° C.).
Based on observations of young crappie during July in
Lake Mohave, it can be assumed that spawning occurs
during the same period of time in this location (Jonez
and Sumner, 1954).
Age at Maturity: Spawning in black crappie can
occur at an early age. Maturity has been reported for
individuals one year old (La Rivers, 1962). However,
sexual maturity is usually attained when the fish reach 2
to 3 years of age and lengths of 7 to 8 inches (17.8-20.3
cm.) (Huish, 1954; Sigler, 1959). Age is more important
to maturity than is size, however. Stunted adults may
spawn when only 4 inches (10.2 cm.) in length (Traut-
man, 1957).
Crappie are prolific egg layers with an extremely high
reproductive potential. Small fish 4 to 8 ounces (113.4-
226.8 g.) can produce from 11,000 to 48,000 eggs.
Larger fish can produce up to 188,000 eggs (Vessel and
Eddy, 1941) (Table 62).
Nesting Requirements: Crappie, like the other
members of its family, are nest building fish. The male
crappie undertakes the responsibility of nest selection
and construction. The male fans out a saucer-shaped
depression about 10 inches (25.4 cm.) in diameter
(Minckley, 1973), often in close proximity
crappie nests (Sigler and Miller, 1963). Nests*
to those of largemouth bass. Gravel, rock,;
often used as nesting material. However,
type is often softer and muddier than is
other centrarchids (Eddy and Surber, 1947)Jf
spawning occurs in close proximity to large rocl
ders, or submerged trees (Jonez and Sumner ti
Roosevelt Lake, Arizona, crappie were observed
in areas of dense inundated brush. Very few
were found in areas devoid of brush (Ercole,i
Depth of the nests can be highly variable. Us
nest site is located in water 3 to 8 feet (.91-2.-
depth. However, nests have been found as sha
few inches (cm.) (Sigler and Miller, 1963) and
of 20 feet (6.1 m.) (Eddy and Surber, 1947). ^
Slope of nests can vary from nearly level
steep in gradient (Jonez and Sumner, 1954).
Spawning Behavior: Male crappie move in
shallow spawning areas before the females in <
establish territories. Several males may move
same immediate area, and fighting begins over ;
spawning sites. After the establishment of te
boundaries, female fish move into the area. The
attempts vigorously to attract a female by swimr
frenzied circles over his territory. Once a fema
been attracted to the male, he begins final const
of the nest, using rapid sideways sweeping body m
ments to create the small depression in the subs
Following the final nest construction, spawning ac
commences. The male begins swimming aroundj
female, frequently bumping her sides and belly.'
bumping encourages a series of rapid egg exp
movements by the female. After the discharge of <
the female leaves and the male passes slowly over,
nest fertilizing the eggs (Ercole, 1969).
After spawning, the male fish assumes guardian
of the eggs and young and defends them from intrude
(Breder and Rosen, 1966; Eddy and Surber, 1947).'
male is aggressive to the point of darting and snappin
at any object or fish approaching too near the nest (Sij
ler and Miller, 1963).
The young fish, after hatching and early deve
opment, form into a tight "ball" or "swarm." The
remain very tightly schooled throughout the advanc
fry and fingerling stages (Jonez and Sumner, 1954).
Water Elevation: The water elevation in Lake Meadl
and Lake Mohave can fluctuate drastically from year to 3
year, depending upon several factors. Runoff from the!
Table 62. Fecundity of black crappie.
Reference Number of fish
Vessel and Eddy, 1941 (Minnesota) 24
20
5
Jonez and Sumner, 1954 2
Site offish
4-8 oz.
(113.4-226.8 g.)
8-20 oz.
(226.8-567.0 g.)
20-24 oz.
(567.0-680.4 g.)
12-13 in.
(30.5-33.0 cm.)
Number of eggs per female A
Average Range >T1
30,000 11,000-48,000 • " -
45,000 22,000-66,000 f
137,000 77,000-188,000
*,'
60,000 57,000-63,000
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Colorado River drainage, upstream storage pat-
Lake Powell and other impoundments, and
jhd water needs for the western United States can
e'nce Lakes Mead and Mohave levels. These eleva-
changes can directly affect production and survival
(Minckley, 1973). These fluctuations can also
,«f"major importance in influencing total population
' is of crappie (Ercole, 1969). During periods of rising
,cr levels, as occurred in Lake Mead in 1952 and
icr gui'd years, good production and survival of
ing ns" can k£ reauzed (Jonez and Sumner, 1954).
jog water inundates large areas of terrestrial plants
juable as cover for both spawning adults and young
(Ercole, 1969). Conversely, declining water levels
Inversely affect production and survival of crappie.
touring periods of declining water levels, inundated veg-
Lfation normally useful as cover to spawners and young
fjsh is l°st- This allows for high attrition rates due to
jpredat vi and adverse weather conditions. Inundated( terrestrial vegetation also stimulates the occurrence ofunall aquatic organisms valuable as food for youngfish. A declining water level greatly reduces the produc-
f lion of these valuable food organisms. Slowed growth,
f resulting in stunted populations, can also occur follow-
j ing years of extreme water drawdown (Goodson, 1966).
Food Habits
Bl -;k crappie will consume a variety of food orga-
nisn They utilize primarily "crustaceans, insects, and
oth ,hes as food (Harlan and Speaker, 1956; Sigler,
1959): Young fish feed primarily on zooplankton and
larval and adult aquatic insects. Crappie become
increasing piscivorous with age. Even small crappie 2-3
inches (5.1-7.6 cm.) in length have been known to prey
on other fishes. Eventually, fish becomes the most
important food item consumed by adults (Huish, 1957).
In 1954 in Lake Mead, plankton was found to be the
me • ; . important overall food item taken by black
crappie. Also found in stomachs were terrestrial and
aquatic insects and other fishes. The fishes found
included fry of largemouth bass, sunfish, and other
crappie. The rate of occurrence of fishes in the diet was
approximately 30 percent (Jonez and Sumner, 1954).
In 1972, eleven .crappie stomachs from Lake Mead
fish were collected for analysis. Daphnia sp. was found
to be the primary food item taken. Other food items
i': luded chironomids, odonata, snails, and other fishes
including the threadfin shad (Dorosoma petenense),
which was introduced to the lake in 1954-1955 (Deacon
et al., 1972).
In 1974, nine more crappie stomachs from Lake
Mead fish were taken for study. Four of these stomachs
contained largemouth bass fry, and the other five con-
tained insects and unidentified material. These stomachs
were collected during the spring concurrent to bass fry
emergence (Lake Mead Job Progress Report, 1974).
During the spawning season, a dietary shift may
occur in male crappie. In Roosevelt Lake, Arizona,
threadfin shad normally comprised approximately 80
percent by volume of all food items taken during the
year. During the March-June period, guardian males
were found to be feeding primarily on invertebrates.
Females, at the same time, were found to contain eight
times the amount of shad than the males. Fish scales
were also found frequently in the stomachs of guardian
males. Observation confirmed that these scales were
picked up after being dislodged in territorial disputes
between guardians. This type of dietary change was
attributed to the nest building and guarding behavior of
the male (Ercole, 1969) (Table 63).
Crappie feed mainly at night or in the early morning.
Stomachs taken for analysis from fish collected in the
morning were full, whereas fish captured from the same
area in the afternoon had empty stomachs (Ercole,
1969).
Age and Growth
Black crappie are relatively short-lived (Goodson,
1966), small to medium-sized fishes (La Rivers, 1962).
Age structure and growth rates are variable with locale
and climate. Generally, crappie exhibit faster growth in
large, warm lakes or reservoirs (Hall et al., 1954). The
slower growing northern populations usually live
longer, up to 10 years, than fish from the southern areas
(Carlander, 1953).
Habitat and environmental conditions are very
important in influencing growth rates. Fluctuating water
levels (Goodson, 1966; Ercole, 1969), cover (Hall et al.,
1954), food availability and type (Crowley, 1954), and
length of the growing season (Sigler and Miller, 1963;
Goodson, 1966) can greatly affect growth patterns.
Extreme water fluctuations appear to be detrimental
to crappie growth. Slow growth and stunting has
occurred in several California waters following periods
Table 63. Percent frequency of occurrence of food items in the diet of 100 black crappie from Roosevelt Lake, Arizona; empty stomachs
are included (Arizona Game and Fish, Job Completion Report, 1966-1977).
Apr. May
Food Hem (7) (3)
Fish
Threadfin shad 43 100
Red shiner 0 0
Fish eggs 14 0
isects
r >nomidae 71 0
TV, 29 0
Empty stomachs 14 0
Month of Collection and Number of Fish in parentheses
June July Aug. Sept. Oct.
(7) (2) 12) (61 (6)
71
0
0
29
0
14
0
50
0
50
0
50
100
0
0
50
0
0
67
0
0
0
0
33
100
0
0
17
0
0
Nov.
(67)
82
1
0
18
1
18
Average
78
2
1
22
3
17
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of heavy water drawdown. During high water years,
crappie from these same areas exhibited better growth
(Goodson, 1966).
Good cover in the form of aquatic or submerged ter-
restrial plants can enhance growth rates and survival of
crappie (Hall et al., 1954). In many waters, however,
good cover may actually be a necessity. In every good
California crappie fishery, cover was also good;
whereas, poor crappie fisheries had poor cover (Good-
son, 1966).
Black crappie growth rates and population size
are directly related to the quantity and quality of food
items available (Crowley, 1954). In many waters where
stunted populations occur, the lack of a small forage
fish is also evident.
Low water temperatures during winter do not affect
growth rates since little or no growth occurs at that
time. Low water temperatures during the summer grow-
ing season, however, can result in slowed growth
(Goodson, 1966). Usually, the growing season lasts
from 5 to 6 months with the period of greatest growth
lasting 6 to 8 weeks (Sigler and Miller, 1963). During
warmer years, water temperatures in Lake Mead could
allow a longer growing season resulting in better growth
for that year (Minckley, 1972).
In Oklahoma waters, 98 percent of all the crappie
aged throughout the state were less than 5 years old
(Hall et al., 1954). In Santee-Cooper Reservoir, South
Carolina, no black crappie were found beyond age 8
(Stevens, 1959). Very few crappie grow to sizes exceed-
ing 3 pounds (1.36 kg.), and the record catch is a fish of
5 pounds (2.27 kg.) (Sigler and Miller, 1963).'
crappie average about 12 inches (30.5 cm.) in fc
1 to 1 '/z pounds (.45-.82 kg.) in weight (La Rive
Sigler and Miller, 1963).
In Lake Mead in 1954, only 13 of 540 crapp
considered to be 6 years old or more. At that i
largest fish weighed 2'/2 pounds (1.27 kg.)
Sumner, 1954). More recent scale analysis she
the black crappie in Lake Mead and Lake
growing at approximately the same rate. Crapp
years of age or less made up the greatest numbe
fish examined. Very few were aged at 6 and 7 ye
age (Nevada Department of Fish and Game, >
(Table 64). The Nevada Department of Fish and ]
has recorded several trophy size black crappie*
Lake Mead. Two fish over 3 pounds (1.36 kg.)>
been taken recently by anglers. In 1972, a 3-pound|
kg.), 18.25-inch (46.5 cm.) fish was taken by an an
Another fisherman, in 1976, brought in a 3.2-poun
kg.), 16.1-inch (40.9 cm.) fish from the lake.
crappie taken from Lake Mohave have weighed <
pounds (.91 kg.) (Nevada Stream and Lake
Fish, 1976). Other larger fish suspected of weighin
3 pounds (1.4 kg.) have been reported from
Mohave but not confirmed (Beckstrand and Pa
pers. comm.).
Migration and Movement
Dispersion: Black crappie prefer lentic envii
ments. They are best adapted for life in large st
Table 64. Comparison of growth rates of Lake Mead and Lake Mohave black crappie and crappie of other waters.
Water and source 1
Norris Reservoir, Tenn.,
Eschmeyer, 1941 5.0
(12.7)
Onized Lake, Illinois, Bennett, 1945 3.4
(8.6)
Lake Moultrie, S.C., Stevens, 1959 2.3
(5.8)
Lake George, Florida, Huish, 1954 4.4
(11.2)
Oklahoma, State Average,
Hall et al., 1954 3.1
(7.9)
Lake Harris, Florida, Huish, 1957 1.9
(4.8)
Clear Lake, Calif., Murphy, 1951 1.5
(3.8)
Lake Havasu, Calif., LaFaunce,
1960
A verage lengths in inches (cm.) at each annulus
4 5 6
Lake Mead, Jonez and Sumner,
1954
Lake Mead, 1976
Nevada Dept. Fish and Game....
Lake Mohave, 1976
Nevada Dept. Fish and Game.
2.9
(7.4)
2.9
(7.4)
2.8
(7.1)
2.5
(6.4)
10.9
(27.7)
8.0
(20.3)
6.3
(16.0)
8.1
(20.6)
6.3
(16.0)
4.2
(10.7)
8.2
(20.8)
6.7
(17.0)
6.5
(16.5)
6.0
(15.2)
5.6
(14.2)
12.2
(31.0)
11.4
(29.0)
10.6
(26.9)
9.9
(25.1)
8.2
(20.8)
6.6
(16.8)
10.9
(27.7)
8.6
(21.8)
8.8
(22.4)
9.0
(22.9)
8.3
(21.1)
12.4
(31.5)
11.5
(29.2)
9 9
(25 1)
8.5
(21.6)
12.9
(32.8)
9 9
(25 1)
10 8
(27 4)
11 4
(29 0)
10 6
(26.9)
13.2
(33.5)
12.5
(31.8)
11 6
(29 5)
9.8
(24.9)
13.1
(33.3)
10 7
(27 2)
12 2
(31 0)
12 7
(32 3)
12 5
(31.8)
14.0
(35.6)
13 5
(34 3)
11.2
(28.4)
13 4
(34 0)
14 1
(35 8)
13 8
(35.1)
15.0
(38.1)
15 2
(38 6)
12.2
(31.0)
15 2
(38 6)
14 7
(37.3)
15 J
(38.1) .....M
«|
13.0 13.8
(33.0) (35.1)
.
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and mediumsized lakes (Sigler and
963). Since their introduction into Lake Mead,
have become established throughout the lake
1951). In Lake Mohave, they are found abun-
throughout the lower, warmer portion of the res-
(Jonez and Sumner, 1954).
Vertical Movement: Crappie form into schools
.Jon leaving the nest and are gregarious throughout
liheir '• " During the spring months, crappie move into
the sha • w areas to spawn and rear young. Following
ijjie spawning season, and with the advent of hot
weather, crappie move into deeper waters where they
remain until the next spring (Jonez and Sumner, 1954).
The pelagic nature of the species was discovered in
Lake Mead in June, 1962. The U.S. Geological Survey
conducted a total of nine experimental underwater test
explosions in Lake Mead. The site of these tests was
gbou* 1 mile (1.6 km.) north of Saddle Island in Las
Veg: -ay- The depth of the tests was approximately
200 i'.-ct (61 m.). After each explosion, dead fish were
collected and a total estimate of dead fish by species was
made. It was estimated that over 1,000,000 young
crappie, ranging in length from 1 to 2 inches (2.5-5.1
cm.) were killed by the nine blasts. Approximately 66
percent of all the fish killed were young crappie. In addi-
tion, nineteen adult crappie were killed. This indicates
that crappie, especially the young, do heavily utilize the
der - open areas of the lake during the hot summer
me ~s (Wood, 1962). Jonez-and Sumner (1954) also
rep i observations of crappie as deep as 100 feet
(30.5-m.) during the winter months.
Class 0 crappie were frequently captured in a mid-
water shad trawl that was operated in the open water of
Boulder Basin during 1972 (Table 7). Apparently, the
pelagic nature of young crappie removes them from the
littoral hazards that contribute to the high attrition rate
for largemouth bass fry.
ateral Movement: Crappie seem to prefer a wan-
dering, nomadic-type life. They have been found in
abundance from a particular area one day and absent
from the same area the next day. In the early 1950's, a
total of 104 black crappie from Lake Mead were tagged
and released in an effort to determine their pattern of
movement. Only one tagged fish, recovered over 10
miles (16.1 km.) away, was returned (Jonez and Sum-
ner, 1954). Other tagging studies in TV A reservoirs
vealed that crappie moved an average of 5.4 miles (8.7
m.) from the point of release (Sigler and Miller, 1963).
Crappie also have been found to use a home ground
during the day from which they make nightly excursions
to feeding grounds (Ercole, 1969). In general, there
seems to be a great deal of lateral movement among the
crappie inhabiting Lake Mead and Lake Mohave (Jonez
and Sumner, 1954).
Importance to Fishery
*~ '•ppie are very popular and important game fish to
m anglers. They are a good-sized and relatively eas-
ily caught panfish. Their meat is considered good to
superior in flavor (Sigler and Miller, 1963; Walden,
1964). In its native range, the black crappie frequently
dominates the catch and usually ranks as high in impor-
tance as do the black basses, white crappie, and bluegill.
However, in a few areas where the black bass is king,
the highly competitive crappie is often scorned (La
Rivers, 1962).
In Lake Mead during the early 1950's (1952-1954),
black crappie were found to be an important game spe-
cies. At that time, crappie comprised from 6 to 7 percent
of the total annual angler harvest. This total catch
placed them third in importance behind largemouth
bass and channel catfish. At that time, black crappie
were also found to be a very important forage item for
largemouth bass. Even large crappie 5-8 inches (13.7-
20.3 cm.) in length were being consumed by large bass.
It was felt at that time that the importance to the overall
fishery could fluctuate greatly, depending upon environ-
mental changes (Jonez and Sumner, 1954).
More recent studies and creel census reports show
that the black crappie still occupies a position of second-
ary but valuable importance in Lake Mead. In 1977,
black crappie comprised approximately 27 percent of
the total estimated angler harvest. The total harvest of
crappie can vary greatly from year to year. From 1958
through 1977, the highest estimated harvest occurred in
1977 when over 150,000 fish were estimated taken. The
poorest harvest year occurred in 1972 when an estimated
43,117 crappie were taken (Lake Mead Job Progress
Reports, 1958-1977) (Table 65).
Table 65. Total estimated black crappie harvested and percent
of total game fish caught in Lake Mead from 19S8 to
1977 (Nevada Fish and game expanded creel census
data).
1958 77,729 15.4%
1959-60 69.285 10.0%
1960-61 48,800 8.0%
1962 61.475 9.8%
1963 91,382 8.0%
1964 104,221 16.0%
1965 103,447 14.6%
1966 108,646 16.9%
1967 91,496 14.3%
1968 62,333 8.4%
1969 119,082 16.0%
1970 66.235 11.9%
1971 51,440 11.1%
1972 43,117 9.1%
1973 59,915 12.3%
1974 136,548 17.6%
1975 119,539 17.9%
1976 103,087 23.1 %
1977 153,815 26.7 %
Crappie are less important in Lake Mohave than in
Lake Mead. In 1977, slightly more than 3 percent of the
total catch from Lake Mohave was black crappie. They
rank far below rainbow trout (Salmo gairdneri) and
largemouth bass in importance. During the years 1962-
1973, crappie made up less than 1 percent of the total
harvest of game fish (Lake Mohave Job Progress
Reports, 1962-1973). From 1974-1977, the catch of
crappie increased slightly. Crappie comprised 1-3 per-
cent of the total game fish harvest (Lake Mohave Job
Progress Reports, 1974-1977) (Table 66).
68 FISH OF LAKE MEAD AND LAKE MOHAVE
Table 66. Total estimated black erappie harvested and percent
of total game fish caught in Lake Mohave from 1962
to 1977 (Nevada Fish and Game expanded creel census
data).
1962 760
] 963 1,406
1964 1,433
1965 3,024
1966 1,636
1967 2,353
1968 771
1969 650
1970 2,331
1971 1,999
1972 908
1973 1,924
1974 6,017
1975 7,368
1976 1,569
1977 5,918
.5%
.4%
.5%
.8%
.6%
.9%
.2%
.2%
.8%
.7%
.2%
.4%
1.3%
2.7%
1.5%
3.2%
In 1975, Nevada Fish and Game personnel initiated a
program to determine which fish species was sought
most often by anglers. Results from this program indi-
cate that erappie receive very little specific attention.
Only about 1 percent or less of the angler effort was
directed toward this species in Lake Mead on a lakewide
basis. Most of the erappie caught in the Boulder Basin
of Lake Mead were taken by anglers fishing for other
species (Lake Mead Job Progress Report, 1975) (Table
67).
Table 67. Lakewide angler effort (in percentages) for Lake Mead
black erappie by year (Lake Mead Job Progress
Reports, 1975, 1976, 1977).
1975' 0.5%
1976 1.3%
1977 0.8%
'April through December data.
Very little angler effort is expended toward erappie in
Lake Mohave. Data from Cotton wood Cove in 1975
showed only two months, May and June, when anglers
fished specifically for black erappie. During May, 5 per-
cent of the effort was directed toward erappie; in June,
only 1 percent of the angling effort was directed toward
this species. As is the case in Lake Mead's Boulder
Basin, most of the erappie taken are caught by anglers
fishing for other species (Lake Mohave Job Progress
Report, 1975).
Black erappie are listed by the American Fisheries
Society as being worth $2.85 per pound ($6.28 kg.)
(Pfeiffer, 1975).
BLUEGILL SUNFISH
Taxonomy and Description
Taxonomy: The bluegill sunfish (Lepomis macro-
chirus) (Rafinesque) belongs to the sunfish family Cen-
trarchidae which contains the black basses, crappies,
sunfishes, and Sacramento perch (Eddy, 1969).
Description: The body of the bluegill can be
described as being deep and laterally compressed. The
mouth is small with a maxillary that barely reaches the
front of the eye (Minckley, 1973). The pectoral!
long and pointed (Emig, 1966). Lateral line scales**
ber more than forty. The soft anal ray count is w
ten to twelve. The gill rakers are long, more thanl
their width at the base (Eddy, 1969).
The bluegill is one of the most colorful oHi
fishes. Coloration varies in individual fish from sev!»
different shades of dark green on the back to If
green or yellowish on the sides. The throat catf
brassy-yellow to reddish in color. The belly can also i
grayish to orange-red. Several dark vertical bars mi
the sides. The lower jaw and bottom edge of the cht
are generally bluish. The ear flap can be black to <W
purplish (Walden, 1964). During the spawning season
coloration in males becomes even more vivid (Sigler ai
Miller, 1963) (Figure 20).
Figure 20. Bluegill sunfish (Lepomis macrochirus)
(Refinesque).
Native and Introduced Ranges
Native Range: The bluegill sunfish is a wide ranging
North American species. The fish naturally extended
from southern Quebec and Manitoba in Canada south
through the Great Lakes and Mississippi River drainage
to northeastern Mexico, the Gulf states, and the Caro-
linas (Hubbs and Lagler, 1958; Sigler and Miller, 1963;
Walden, 1964).
Introduced Range: Bluegill have been introduced
widely into many suitable non-native areas of the
United States (La Rivers, 1962). Walden (1964) noted
that the bluegill is the most widely distributed member
of their family, being found in every state except
Alaska.
The western part of the United States received bluegill
during the late 1800's and the early 1900's. Utah first
stocked the species in 1890 (Sigler and Miller, 1963), and
California introduced them in 1908 (Curtis, 1949).
Nevada first received bluegill in 1909-1910 (La Rivers,
1962). The introduction of bluegill into Lake Mead
occurred between 1937 and 1942. Early stocking records
are confusing and the exact number released is unknown
(Baldwin, 1945).
After the filling of Lake Mohave in 1951, bluegill
quickly became established in that impoundment. These
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. apparently came from a small pre-impoundment
population that originally either came downstream
Lake Mead or upstream from Lake Havasu (Jonez
sumner, 1954). .
Reproduction
Spawning Time: The bluegill, like the other mem-
grs or its family, is a spring spawning species. Spawn-
jflg tiiin: depends a great deal upon locale and water
jemperature. Alabama fish begin spawning activities in
April (Swingle and Smith, 1950) Wisconsin (Snow et al.,
1970) and Illinois (Bennett, 1962) fish in late May; and
Michigan fish in early June. Spawning generally lasts
into the early fall, depending upon maturity of the
spawners (Crowe, 1959). Usually, two peak periods of
spawning occur. The first and larger occurs during the
spring with the second taking place a short time later
duri g the summer (Bennett, 1962). Water temperatures
duri. 'g this extended spawning season can range in tem-
perature from the mid 60's° F. (15.6° C.) to the 80's° F.
(26.7° C.) (Rounsefell and Everhart, 1953).
In Lake Mead, spawning has been observed from
April through the middle of August. Water temper-
atures during this period ranged from 60° F. (15.6° C.)
to 88° F. (31.1° C.). The peak of spawning occurred
between the middle of May and the first of August.
Water temperatures at that time ranged from 70° F.
(2!.!° C.) to 85° F. (29.4° C.) (Jonez and Sumner,
954). Deacon et al. (1972) also noted bluegill in Lake
Mead spawning during April and May.
In Lake Mohave, bluegill have been observed spawn-
ing in 68° F. (20.0° C.) water during June (Jonez and
Sumner, 1954). Spawning has been known to occur
from early May through July with the peak of activity
occurring generally in late May (Beckstrand and
Padilla, pers. comm.).
Age at Maturity: Maturity in bluegill usually occurs
i.: two to three years of age (Lagler, 1956; Mayhew,
1956). However, spawning has been reported for fish
one year old (Regier, 1963; Swingle and Smith, 1950;
Bennett, 1962). Even a few fast-growing four-month-
old individuals have been found to be mature in Ala-
bama waters (Swingle and Smith, 1950).
Bluegill are extremely prolific game fish. Egg counts
range from 2,360 in small fish (Ulrey et al., 1938) to
58,000 in 7 to 9 inch (17.8-22.9 cm.) individuals (Eddy
and Surber, 1943). Because of the polygamous nature of
the fish, several females may spawn in one nest (Mor-
gan, 1951; Snow et al., I960). A single nest in Michigan
hatched over 61,000 fry. The average hatch, however,
was about 18,000 fry per nest (Carbine, 1940) (Table
68).
Nesting Requirements: The male bluegill under-
takes responsibility of nest selection and construction.
Nest construction consists of the male fanning out a
depression in the substrate. Size of the nest can vary
from 8-24 inches (20.3-61.0 cm.) in diameter and from
2-6 inches (5.1-15.2 cm.) in depth. Usually, nests are
constructed in fairly shallow water 2-6 feet (.61-1.8 m.)
deep (Swingle and Smith, 1950). However, Jonez and
Sumner (1954) observed Lake Mead bluegill nesting at
depths of 10 feet (3.1 m.).
Nests can be constructed on a variety of substrates.
Bluegill have been observed using gravel, sand, dead
leaves, sticks, and mud as nesting material (Swingle and
Smith, 1950). Nests have been found in sheltered coves
near large protective objects and along open, unpro-
tected shorelines (Jonez and Sumner, 1954).
Spawning Behavior: Bluegill are gregarious in
nature, usually nesting in large colonies. They are gener-
ally tolerant of other bluegill nesting only a short dis-
tance away. Up to 500 nests have been observed in
spawning colonies in Alabama waters (Swingle and
Smith, 1950).
After selection of the nest site, the male awaits arrival
of ripe females to the spawning area. Once a female is
attracted to the nest, a short courtship ensues, followed
by the spawning act (Morgan, 1951; Snow et al.,
1960).
Hatching of the eggs usually begins after about 32
hours in 72°-74° F. (22.2-23.3° C.) water and continues
for about another 30 hours. Following a short early
development period, the small fish begin to swim freely
(Trautman, 1957; Sigler and Miller, 1963). Upon leav-
ing the nest, the fry form into a "ball" and for a short
time travel freely in this large school. After a while, the
large school breaks up into small groups that disperse
about the shorelines (Jonez and Sumner, 1954). During
Table 68. Bluegill fecundity (Emig, 1966).
Locality and source
Ohio, Langlois, 1939.
Ohio, Morgan, 1951..
Iowa, Mayhew, 1956.
Jhio, Ulrey etal., 1938..
Length
Inches (cm.)
5.5(14.0)
4.0-4.5(10.2-11.4)
5.2(13.5)
6.2(16.0)
7.2(18.5)
8.0 (20.3)
5.5(14.0)
6.1 (15.5)
6.3(16.0)
6.5(16.5)
7.2(18.3)
Age 2 fish
Age 3 fish
Age 4 fish
Weight
Ounces (gr.)
0.96(27.2)
1.65(46.8)
2.64(74.8)
4.44(125.9)
7.53(213.5)
5.0(151.7)
6.7(189.9)
8.2(232.5)
6.5(184.3)
10.0(283.5)
Mean
11,267
2,540
10,040
13,615
21,891
49,400
3,820
9,265
19,169
Number of eggs
Range
7,200-9,630
12,798-17,172
28,424-38,184
12,160-16,320
29,210-36,290
2,360-5,066
6,518-13,137
16,220-22,119
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hatching, early development, and schooling of the fry,
the male acts as guardian for the young fish. The guard-
ian, however, is more timid in his protection than males
of other Centrarchid species (Carbine, 1940).
Due to the extended spawning season, bluegill may
spawn three separate times in one year. Also, several
females may spawn in a single nest at nearly the same
time (Morgan, 1951; Snow et al., 1960).
Water Elevation: Water fluctuation does not seem
to seriously affect initial production of bluegill in Lake
Mead and Lake Mohave. However, receding water
levels can and do affect survival rates of the newly
hatched fry. During declining water years, young fish
are left without adequte protecting cover, resulting in a
high attrition rate from predation and the elements
(Jonez and Sumner, 1954). In Ridge Lake, Illinois,
study indicated that a low bluegill population level was
attributed to a late summer water drawdown which left
the young fish without vegetation for cover (Bennett,
1954).
Water Quality: Water quality extremes have been
determined for bluegill under laboratory conditions.
Experiments to determine fish survival ranges for dis-
solved oxygen (Moss and Scott, 1961; Whitmore et al.,
1960), pH (Trama, 1954), water temperature (Moss and
Scott, 1961; Bennett, 1962), and turbidity (Buck, 1956)
have been conducted.
Bluegill were found to avoid dissolved oxygen con-
centrations near 1.5 ppm (Whitmore et al., 1960). Mini-
mum survival concentrations vary with water
temperature and speed of lowering the concentration.
During slow lowering at 77° F. (25° C.), death occurred
at 0.70 ppm. During fast lowering at 95° F. (35° C.),
death occurred at 1.23 ppm (Moss and Scott,
1961).
Bluegill have survived a wide range of pH extremes in
laboratory tests. Even though survival was 100 percent
in tests ranging from 4.0 to 10.35 ± .15, serious phys-
iological damage did occur (Trama, 1954).
Water temperatures between 60° F. (15.6° C.) and
80° F. (26.7° C.) are preferred by bluegill (Rounsefell
and Everhart, 1953). Bennett (1962) reported that blue-
gill died when temperatures fell to 36.5° F. (2.5° C.) or
rose to 92.8° F. (33.8° C.). However, Moss and Scott
(1961) noted that bluegill survived for a short time at
95° F. (35.0° C.).
Turbidity has been found detrimental to bluegill
reproduction (Buck, 1956).
Food Habits
Bluegill are mainly planktivorous and insectivorous
feeders. Generally, as the fish becomes larger in size,
larger food items are utilized (Leonard, 1940; Scidmore
and Woods, 1960). Other food items occasionally taken
include small fish, fish eggs, snails, small crayfish, and
amphipods (Swingle, 1949; Harlan and Speaker, 1956).
Plant material can be utilized when animal food is
scarce (Sigler and Miller, 1963).
Due to the scarcity of insects in Lake Mead, bluegill
have been forced to feed upon a variety of food types.
Jonez and Sumner (1954) found that insects ma
percent of the diet; plankton, 31 percent; plant i
8 percent; and fish, 5 percent. The insects me
monly found in bluegill stomachs at that time i
and larval midges (Chironomidae), water
(Corixidae), and dragonfly naiads (Odonata).^
insects were most commonly found during the •
months of the year. During the colder periods,
and algae were utilized most heavily.
In Lake Mohave, Jonez and Sumner (1954)
that insects and zooplankton comprised the majc*
food items utilized. Chironomid larvae and te
insects were the most abundantly found food ite
larger plankton organisms were also found (Jon
Sumner, 1954).
More recent investigation of Lake Mead blu
showed utilization of several food sources. A
change in diet was also found to occur seasonally.';
ing the colder winter months (February-March),
nia sp. was the most heavily utilized food org
followed by chironomids. During the spring and,'
summer (March-June), chironomids became the*
preferred item. Arachnids (water mites, dragonfly"
vae, and ostracods were also utilized heavily.
June, fish eggs and scales were also consumed in
amounts (Deacon et al., 1972) (Table 69).
Table 69. Stomach content of Lake Mead bluegill exp
percentage frequency of occurrence (Deacon et al., 19
Feb.
Total number of
fish examined 34
Food items:
Empty stomach 9
Chironomids 50.0
Odonata
Homoptera
Ostracods
Coleoptera
Hemiptera
Hymenoptera
Arachnids 3
Diotera
Daphnia 37.5
Gastropoda 3
Molousca . . . . -
Fish remains 3
Fish eggs
Plant remains 12.5
Detritus . .6
Mar.
18
14.0
5.5
5.5
11.1
61.1
6.8
Apr.
12
58.0
41.6
25.0
16.6
8.3
16.6
8.3
May
28
75.0
7.1
28.5
7.1
39.2
28.5
3.5
10.7
3.5
7.1
'rt
vary]
Age and Growth
Age structure and growth rates for bluegill can
tremendously from water to water. Water temperature?
and locale play a major role in influencing age an£*jjv
growth (Emig, 1966). •»
Generally, young bluegill reach 2-3 inches (5.1-7.6 r
cm.) by their first year. However, northern fish may
grow more slowly (Brown and Logan, 1960) and south- .,
ern fish may grow more rapidly (Schoffman, 1959). t
Bluegill are not large-growing fish. Healthy populations (
of bluegill generally average 8-12 inches (22.9-30.5 cm.) |-
in length. The record sport catch is a 15-inch (38.1 cm.)» j
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-ouad 12-ounce (2.2 kg.) fish taken in Alabama. This
is very rare, however. Bluegill occasionally over-
I populate, expecially in smaller waters, and become
stunted. In stunted populations, the average length may
be less than 6 inches (15:2 cm.) .(Walden, 1964).
Differences in growth rates between sexes have been
noted. Lane (1954) and Sprugel (1954) concluded that
males grew faster than females. However, Morgan
/195' concluded that females grew faster than males,
gickcr (1942) reported that growth rates were equal.
This probably indicates great variability in growth from
population to population (Emig, 1966).
Growth rates for Lake Mead and Lake Mohave blue-
gill are very similar to those of fish from other waters.
Jonez and Sumner (1954) reported good growth of Lake
Mead bluegill. More recent studies of Lake Mohave
bluegill reveal that population is comprised of mostly
young fish. Two fish averaging 9.2 inches (23.3 cm.)
we aged at 7 years old. The fish grew approximately 1
inch (2.54 cm.) each year after the first year (Nevada
Department of Fish and Game) (Table 70).
The largest bluegill taken from Lake Mead is a 10.5
inch (26.7 cm.), 1-pound 8-ounce (.68 kg.) fish. Other
fish greater than 1 pound (.45 kg.) are occasionally seen
from both Lake Mead and Lake Mohave (Nevada
Stream and Lake Record Fish, 1976).
M ration and Movement
Dispersion: Bluegill prefer lentic environments such
. ^ _ jnds, lakes, and slow-moving, large streams (Whit-
more et al., 1960). Following their introduction into
Lake Mead, bluegill have become established through-
out the lake. The species is also found throughout the
length of Lake Mohave, more abundantly in the lower,
warmer portion. Even before creation of Lake Mohave,
bluegill were found occasionally in the Colorado River
Mow Hoover Dam (Jonez and Sumner, 1954).
Vertical Movement: Bluegill follow a pattern of
movement similar to that of the other Centrarchid spe-
cies. During the cooler winter months, the species is gen-
erally found in deep water, often below depths of 50 feet
(15.2 m.). With the coming of summer and advent of
spawning season, bluegill gradually move into the shal-
low spawning areas. During the summer months, blue-
gill generally remain in fairly shallow water less than 30
feet (9.1 m.) in depth (Jonez and Sumner, 1954).
Lateral Movement: Tag returns from several lakes
indicate bluegill usually do not travel great distances.
Returns from Third Sister Lake, Michigan, revealed
that 60 percent of all the fish recovered came from
within 90 feet (27.4 m.) of the original release site (Ball,
1947).
However, in Lakes Mead and Mohave, tagging and
fin-clipping studies carried out in the early 1950's
revealed some movement did occur. One returned fish
from Lake Mead had moved approximately 5 miles (8.1
km.) from the release site. Also, one tagged and recov-
ered Lake Mohave bluegill had traveled approximately 8
miles (12.9 km.) uplake from the point of release (Jonez
and Sumner, 1954).
Importance of Fishery
In many parts of the United States, bluegill are a very
popular game species. Even though the fish is generally
small in size, it can provide good sport to anglers. Blue-
gill are easily caught, fight well for their size, and are
considered to be good on the table (La Rivers, 1962;
Sigler and Miller, 1963; Emig, 1966). The species is also
important as a forage species for largemouth bass and
other fish. Generally, in waters where new introductions
of warmwater fish are necessary, both largemouth bass
and bluegill are stocked together (Sigler and Miller,
1963).
In the early 1950's, bluegill were found to be of minor
importance to lake Mead and Lake Mohave anglers. In
each impoundment, bluegill comprised only 2 percent of
the warmwater catch. Because of their small size, they
were usually not sought and were taken by anglers fish-
ing mainly for other species (Jonez and Sumner, 1954).
The specific angler effort expended on bluegill annually
averages less than 1 percent (Lake Mead Job Progress
Reports, 1975, 1976; 1977) (Table 71). In both lakes,
Table 70. Comparison of growth rates of Lake Mead and Lake Mohave bluegill and bluegill of other waters.
Body of water and source
56 Indiana Lakes, Ricker, 1942..
jlsom Lake, Calif., Tharratt, 1966
Montana Ranch Ponds,
Brown and Logan, 1960
Clear Lake, Iowa, DiCostanzo, 1957.
Reelfoot Lake, Tenn. 1950,
Schoffman, 1959
1.5
(3.8)
1.4
(3.6)
1.3
(3.3)
2.4
(6.1)
5.4
(13.7)
.ake Mead, Jonez and Sumner, 1954.... 2.5
(6.4)
Mohave, 1977, Nevada
"Department Fish and Game... 3.0
(7.6)
2
3.0
(7.6)
3.1
(7.9)
2.4
(6.1)
4.2
(10.7)
6.5
(16.5)
5.0
(12.7)
4.6
(11.7)
3
4.8
(12.2)
4.8
(12.2)
3.6
(9.1)
5.6
(14.2)
7.3
(18.5)
6.5
(16.8)
5.8
(14.7)
Length in inches (cm.) at each annulus
4
6.5
(16.5)
7.0
(17.8)
4.4
(11.2)
6.2
(15.7)
7.7
(19.6)
6.7
(17.0)
5
7.4
(18.8)
7.9
(20.1)
5.0
(12.7)
7.8
(19.8)
(22.4)
9.0
(22.9)
7.6
(19.3)
6
8.1
(20.6)
8.7
(22.1)
5.4
(13.7)
8.2
(20.8)
7
9.2
(23.4)
6.1
(15.5)
6.9
(17.5)
8.5
(21.6)
9.2
(23.4)
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bluegill, at one time or another, made up the main
source of forage for largemouth bass. Moffett (1943)
reported that bluegill comprised the main item in the
diet of bass at that time. Jonez and Sumner (1954)
found that young bluegill were a very important forage
item for Lake Mohave largemouth bass.
Table 71. Lakewide angler effort (in percentages) for Lake
Mead bluegill by year (Lake Mead Job Progress
Reports, 1975, 1976, 1977).
j975' 0.9%
1976 0.3%
1977 0.2%
'April through December data.
Recently, creel census reports indicate that bluegill
have increased slightly in importance for both impound-
ments. In Lake Mead from 1958-1977, bluegill total
catch percentages ranged very low from 1958 through
1967 and much higher from 1968 through 1977. The
highest total estimated harvest was recorded in 1968
when over 130,000 fish were estimated taken. The lowest
estimated total catch was in 1960-1961 when only 12,200
bluegill were caught (Table 72).
Table 72. Total estimated bluegill harvested and percent total
catch from Lake Mead from 1958 to 1977 (Nevada
Fish and Game expanded creel census data).
1958 18,675 3.7%
1959-60 24,250 3.5%
1960-61 12,200 2.0%
1962 21,956 3.5%
1963 45,691 4.0%
1964 13,896 2.2%
1965 34,010 4.8%
1966 38,757 6.0%
1967 21,114 3.3%
1968 130,603 17.6%
1969 77,403 10.4%
1970 106,866 19.2 %
1971 46,806 10.1 %
1972 49,276 10.4%
1973 58,453 12.0%
1974 95,428 12.3%
1975 56,764 8.5%
1976 66,494 14.9%
1977 78,346 13.6%
In Lake Mohave from 1962-1977, estimated catch
ranged from just over 2,000 fish in 1962 to over 32,000
in 1974. The percent total catch during this period
ranged from 1.4 percent to 9.3 percent (Nevada Fish
and Game expanded creel census data) (Table 73).
The American Fisheries Society lists a value of $3.42
per pound ($7.54 kg.) of bluegill (Pfeiffer, 1975).
GREEN SUNFISH
Taxonomy and Description
Taxonomy: The green sunfish (Lepomis cyanellus)
(Rafinesque) belongs to the sunfish family Centrar-
chidae which contains the black basses, crappies, sun-
fishes, and Sacramento perch (Eddy, 1969).
Description: The green sunfish is a short, stocky,
and laterally compressed fish. The mouth is large with
K
*%,
*'
Table 73. Total estimated bluegill harvested and
catch from Lake Mohave from 1962 to 1977!!
Fish and Game expanded creel census
1962 2,281
1963 4,922
1964 8,597
1965 7,939
1966 6,274
1967 9,672
1968 27,739
1969 14,270
1970 18,645
1971 26,555
1972 27,692
1973 27,413
1974 32,863
1975 10,370
1976 3,765
1977 13,317
the upper jaw extending to below the anterior margin Q
the eye. The pectoral fins are short and rounds
(Minckley, 1973). Lateral line scales number forty-jlh
to fifty (Sigler and Miller, 1963).
Normally, coloration of the fish is dull olive on the
dorsal area, fading to a brassy yellow on the sides and
paler on the ventral area. Several dark vertical
extend down the sides. Bluish flecks dot the cheeks.
black, round cheek spot covers the bony part of the
opercle and is edged in white or tan on the rear margin.
The dorsal, caudal, and anal fins are bordered by light
yellow to white, especially in spawning males (Walden,
1964; Minckley, 1973) (Figure 21).
Figure 21. Green sunfish (Lepomis cyanellus) (Rafinesque).
Green sunfish are occasionally confused with bluegill. I
The two species are easily distinguished by the larger:'
mouth and shorter, rounder pectoral fins of the green '
sunfish (McKechnie and Tharratt, 1966).
Native and Introduced Ranges
Native Range: The green sunfish is native to North
America. Its original range encompassed an area from
the Great Lakes and upper Midwest south to Mexico
and the Gulf states (Sigler and Miller, 1963; Walden,
1964).
Introduced Range: Green sunfish have been intro-
duced to much of the western United States and are now
established in many western waters (Sigler and Miller,
1963; Walden, 1964; McKechnie and Tharratt, 1966).
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f Alcorn
ntroduction into California in 1891 was probably
tal (McKechnie and Tharratt, 1966).
the introduction of green sunfish into Lake Mead
urred sometime between'1937 and 1942. Apparently,
he spec'es was stored accidentally in place of or along
bluegill due to an error in identification (Miller and
1943; La Rivers, 1962). The first records of the
of this species in Lake Mead were made in 1938
»nd )l/ ~ (Miller and Alcorn, 1943).
Green sunfish probably found their way into Lake
Mohave either through Hoover Dam from Lake Mead
Ot from Lake Havasu before final construction of Davis
Dam (Jonez and Sumner, 1954).
Reproduction
f Time of Spawning: Green sunfish are spring and
f summer spawning fish. Generally, the spawning season
lasts om May until August, usually peaking in June.
The start of spawning activity appears to be influenced
by a rise in water temperature (McKechnie and Thar-
ratt, 1966). Usually, when the water temperature
reaches about 60° F. (15.6° C.), spawning activities
commence (Sigler and Miller, 1963).
Age at Maturity: Green sunfish usually mature at
two years of age when about three inches (7.6 cm.) in
length (La Rivers, 1962; McKechnie and Tharratt,
19' ). Females may bear from 15,000 to 50,000 eggs
(W '^en 1964).
ing Requirements: Green sunfish, like the other
members of its family, are nest builders. The male sun-
fish assumes responsibility for nest selection and con-
struction, often building in close association with other
green sunfish (Sigler and Miller, 1963). Nests are usually
constructed in very shallow water less than 15 inches
(38.1 cm.) in depth (Hunter, 1963). Size of the nest aver-
ages about 10-12 inches (25.4-30.5 cm.) in diameter (La
I vers, 1962). A gravel substrate in an unshaded area
seems to be preferred by green sunfish (Hunter, 1963).
However, sand and mud can be used as nest substrate
material (La Rivers, 1962).
Spawning Behavior: Green sunfish are gregarious in
nature, often nesting in large colonies. The male green
sunfish undertakes the responsibility for nest selection
and construction. Nests can be constructed within only
a few inches (cm.) of each other, resulting in continued
'efensive displays and disputes over territorial bound-
aries (La Rivers, 1962; Minckley, 1973). After the estab-
lishment of boundaries, the male settles down to
guarding his territory from intruders. (La Rivers, 1962).
The female fish participates only to the point of depos-
iting the eggs. The individuals spawn only once each
year (Walden, 1964). During hatching and early devel-
opment of the eggs and fry, the male continues to act as
a guardian. Aggressiveness in the male ranges from dis-
plays to head-on attack. The aggressive nature of the
fish ' creases as the intruder moves closer to the nest
(Sic and Miller, 1963).
Green sunfish hybridize readily with bluegill and
other members of the genus (Hubbs and Hubbs, 1932;
Childersand Bennett, 1961; Luce, 1937). Fish appearing
to be hybrids between green sunfish and bluegill have
been observed in Lake Mead (Padilla, pers. comm.).
Food Habits
Green sunfish utilize a variety of food items. Insects,
crustaceans, and small fish are preferred items. How-
ever, they are capable of shifting to plant material when
animal food is unavailable (Sigler and Miller, 1963).
The food habits of green sunfish are quite similar to
those of Bluegill. Green sunfish, however, generally take
a slightly higher percentage of fishes than do bluegill.
This is possible because of the characteristic oversize
mouth of the green sunfish. In Lake Mead during the
1950's, 20 percent of the diet of the green sunfish was
comprised of other young fishes. Those fishes consumed
included young of largemouth bass, black crappie, blue-
gill, and other green sunfish (Jonez and Sumner, 1954).
A slight change in diet of green sunfish may occur
seasonally. In Lake Mead during February, 1972, gas-
tropods were the major food item. In March, arachnids,
chironomids, coleopterans, and Daphnia sp. were con-
sumed in good numbers. Arachnids were the main food
item at that time. During May, chironomids were the
main food item consumed. No fishes were reported in
any stomachs during that time (Deacon et al., 1972)
(Table 74).
Table 74. Stomach content of Lake Mead green sunfish
expressed as percentage frequency of occurrence
(Deacon et al., 1972).
February March May June
Number examined 36 5 6 2
Food organism
Empty... 1.... 75.0 33.3 50.0
Chironomids 33.3 85.0
Ostracods 8 50.0
Homoptera 1.4
Gastropods 50.0 1.4
Archnids 66.6 4.3
Neuroptera 1.4
Coleoptera 33.3 1.4
Detritus 1.8 1.4
Daphnia 33.3 1.4
Plant remains 21.6
Age and Growth
Green sunfish are small, short-lived fishes. Reports of
10-inch (25.4 cm.) individuals have been made. How-
ever, they only rarely exceed 8 inches (20.3 cm.) in
length (Harlan and Speaker, 1956). Growth rates vary
slightly with geographic locale (Table 75). Michigan fish
reached a length of 6 inches (15.2 cm.) at age 5. In Ohio,
5-year-old individuals were 7 inches (17.8 cm.) in length.
In Utah, 5-year-old fish were only 5.4 inches (13.7 cm.)
in length (Sigler and Miller, 1963).
In Lake Mead, growth of green sunfish has been
found to be relatively slow. The average length reached
at the end of the first year was 1.8-2.0 inches (4.6-5.1
cm.). The largest green sunfish seen at that time was a 6-
year-old, 6-inch (15.2 cm.) fish (Jonez and Sumner,
1954).
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In Lake Mohave in 1954, average size of the larger,
angler-caught green sunfish was 6.4 inches (16.3 cm.). In
1953, the average was 5.9 inches (15.0 cm.) (Jonez and
Sumner, 1954).
Like some other members of its family, the green sun-
fish stunts easily in the face of competition. In some
areas, large populations of 4 or 5-year-old, 2.5-3 inch
(6.5-7.6 cm.) fish are common (Sigler and Miller, 1963).
Migration and Movement
Dispersion: The green sunfish prefers ponds and
lakes and reaches its greatest abundance in these waters.
The fish seeks the shallow, warmer water in the vicinity
of weed beds, rocks or other cover (Sigler and Miller,
1963; McKechnie and Tharratt, 1966). Generally, green
sunfish are solitary in nature. During nesting, however,
they often form into large colonies in areas of shallow
water (Minckley, 1973).
In Lakes Mead and Mohave, green sunfish are com-
monly found in the canyon areas. Dispersion of the fish
throughout the area appears to be confined to localized
areas of preferred cover such as rock and boulder-
strewn shores (Jones and Sumner, 1954).
Movement: The movement of the green sunfish is
similar to that of bluegill except that the green sunfish is
much more secretive. Also, movement of greenl
seems to be more restricted and extensive
bluegill (Jonez and Sumner, 1954).
Importance
Because of the small size of the green sunfi.
have little value as a sport fish (Sigler and Miller!
In areas where the species is abundant, green su
afford good angling for young children learning
(Minckley, 1973). Generally, because of their .-
and great competitive ability, they are cc
undesirable nuisances in most waters they
(Hubbs and Cooper, 1934; Bennett, 1943).
In Lake Mead and Lake Mohave, the green *
contributes practically nothing to the sport fishe
specific catch information is available for the fish, j
mation for green sunfish is often included into I
gill data or is classified as "other" along with
and other seldom-caught species. Young green
do provide some forage for largemouth bass,
due to the secretive habits of the species, they are J
extensively utilized as the bluegill (Jonez and Su
1954).
The American Fisheries Society lists green sun
being worth $3.42 per pound ($7.54 kg.)
1975).
Table 75. Growth rates of green sunfish.'
Location
Illinois....
Iowa
Total length in inches (cm.) at each age group
Michigan 1.5
(3.8)
Oklahoma 2.2
(5.6)
Oklahoma 3.8
(9.7)
'Carlander, 1950, 1953.
3.4
(8.6)
2.4
(6.1)
4.0
(10.2)
5.3
(13.5)
3
4.6
(11.7)
4.9
(12.4)
3.7
(9.4)
6.3
(16.0)
6.9
(17.5)
4
6.8
(17.3)
6.5
(16.5)
4.8
(12.2)
6.9
(17.5)
7.5
(19.1)
5
6.2
(15.7)
5.4
(13.7)
8.7
(22.1)
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BAIT FISH
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is considerable use of live, freshwater fish as
by sport anglers fishing Lake Mead and Lake
. The bait industry found within the area is a
lucrative and growing business. Many retail outlets deal-
J-. jo bait fish and other goods exist in both Arizona
<j Nevada. The demand for bait fish is generally a sea-
«jna! '•snction with peak sales occurring in the spring
Uid !--i- Many of the businesses involved derive as
much as 25 percent of their income from the sale of live
bait (Simmons, 1969). Continued viability and future
expansion of the bait fish industry are greatly dependent
upon the quality of the sport fishery (Espinosa and Dea-
con, 1969).
Miller (1952) reported the use of 31 species of fish for
bait during the period 1935-1950. However, the impor-
tation, possession and sale of bait fishes is now con-
trol under the respective state regulations in Arizona
and Nevada. This has greatly reduced the number of
species legal for use. The species allowed are: threadfin
shad* (Dorosoma petenense), carp* (Cyprinus carpio),
goldfish (Carassius auratus), golden shiner (notemi-
gonus crysoleucas), fathead minnow (Pimephales pro-
melas), red shiner (Notropis lutrensis), two species of
sucker (Catostomus sp.), and the mosquito fish (Gam-
busia affinis) (Arizona Fishing and Reptile Regulations,
19''"-1978; Nevada Fishing Seasons and Regulations,
19 .
GOLDFISH
The goldfish (Carassius auratus) (Linneaus) belongs
to the minnow family Cyprinidae which is one of the
largest families of freshwater fishes (Eddy, 1969).
The goldfish is moderately compressed with a short,
blunt head. The mouth is small and oblique and com-
p' :ly lacks barbels. Large scales cover the body. The
d< .sal fin has eighteen or nineteen rays, the first spinous
and posteriorly serrated; the anal fin has six or seven
rays, the first spinous and weakly serrated posteriorly.
The fins are large with a deeply forked caudal fin (La
Rivers, 1962; Minckley, 1973).
Coloration in goldfish is highly variable. Domes-
ticated fish are commonly orange, red, white, black, or
a combination of colors. In wild fish, the color is goner-
s'!y olivaceous or brownish on the dorsum, turning
1 iter on the sides and ventral surface. A yellowish
Sueen may show on the fish (La Rivers, 1962; Minckley,
1973).
Goldfish were originally an eastern Asian species.
Because of their popularity as an aquarium fish, they
have been distributed throughout the world. In many
areas where they have escaped or been released from
captivity, goldfish have maintained reproducing popu-
lations (La Rivers, 1962).
Spawning in goldfish is very similar to that of the
irp fact, hybridization, both natural and artificial,
•Covered in life history reports.
has been known to occur between the species (Minckley,
1973).
Goldfish, also, are very much like carp in their food
habits. However, the goldfish may utilize plankton more
heavily than does the carp (Minckley, 1973).
The fish seldom achieves a large size. A specimen
weighing 1 pound (.45 kg.) may be considered large
(Minckley, 1973).
Goldfish prefer, and are best adapted for, life in pools
and ponds. In large lakes, they congregate in shallow
bays along open shorelines (Minckley, 1973).
Goldfish are very important fishes to many people.
They are best known for their aquarium importance.
However, in many areas, including Lakes Mead and
Mohave, they are also used as live bait for game fish.
The species is hardy, easily reared, and readily available
for this purpose. It is unlikely that a large market exists
for this fish, but it is still frequently used. (Espinosa and
Deacon, 1978).
In Lake Mead in the Boulder Basin, goldfish have
been found only rarely. Four fish were captured by elec-
trofishing in 1975 where Las Vegas Wash enters Lake
Mead. It was felt these fish were downstream migrants
from Las Vegas Wash (Padilla, pers. comm.). Other
sporadic occurrences, probably resulting from bait
releases, are known (Minckley, 1973).
No specimens have been collected from Lake
Mohave.
FATHEAD MINNOW
The fathead minnow (Pimephales promelas) (Rafi-
nesque) also belongs to the minnow family Cyprinidae
along with the carp, goldfish, and many of the other
legalized bait fishes (Eddy, 1969).
The fathead minnow is a robust fish with a short head
and blunt snout. The mouth is small and slightly
oblique. The lateral line is incomplete with 44-48 scales
along the side. The dorsal fin is rounded and has eight
rays; the anal fin has seven rays (Eddy, 1969; Minckley,
1973).
Coloration of the fish is typically dark tan to oli-
vaceous dorsally. A dark lateral band may be present in
some individuals. On the upper sides, blood vessels are
visible through the epidermis. During spawning season,
the males become darkened with two broad, pallid,
transverse stripes along the sides. A large, heavy pad
develops along their backs during breeding time (Eddy,
1969; Minckley, 1973).
The native range of the fathead minnow is widespread
from northwestern Canada east to Maine and south-
ward to the Gulf States. Introductions have been made
into many non-native waters of the western United
States (Eddy, 1969).
Spawning habits of this fish are rather unique. The
eggs are attached to the underside of an object that is
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situated above the bottom. The male attends the eggs
until hatching occurs. He fans with his fins and rubs
them repeatedly with the thickened, gelatinous pad that
develops on his nape. Hatching occurs in a few days.
Maturity of the young fish may be achieved in less than
one year (Markus, 1934).
The fathead minnow feeds mainly upon microscopic
material. Detritus and algae are two of the major food
items (Minckley, 1973).
Fathead minnows are small in size. Adults rarely
exceed four inches (10.2 cm.) in length (Espinosa and
Deacon, 1978).
In its natural habitat, the fathead minnow appears to
prefer quiet, turbid streams. It is one of the last fishes to
expire in small pools during times of drought, and one
of the first to invade new areas when rains occur (Cross,
1967). The species seems relatively intolerant of other
cyprinid species and achieves its greatest numbers when
occurring alone (Hubbs and Cooper, 1936; Starrett,
1950).
No evidence of established populations has been
found in Lake Mead or Lake Mohave.
This minnow is very popular for use as bait in many
parts of the country. The fish is hardy and easily reared
under pond conditions. Its use, however, is only spo-
radic in the Southwest region (Espinosa and Deacon,
1978).
GOLDEN SHINER
The golden shiner (notemigonus crysoleucas) (Mitch-
ill) belongs to the minnow family Cyprinidae. The fam-
ily is one of the largest groups of freshwater fishes
(Eddy, 1969).
The golden shiner is a thin, laterally compressed fish
with a small, acute head. The mouth is very small and
oblique. The lateral line is deeply decurved with 47-54
scales. The dorsal fin is high and originates behind the
insertion of the pelvic fins. Fin rays number eight in the
dorsal fin, eleven to seventeen in the anal, fifteen in
the pectorals, and nine in the pelvics. The belly between
the anus and the pelvic fins is scaleless and develops into
a sharp keel (Eddy, 1969; Minckley, 1973) (Figure
22).
Figure 22. Golden shiner (Notemigonus crysoleucas)
(Mitchill).
Coloration varies from olivaceous on the dorsal sur-
face to brassy yellow or silvery on the sides. Sometimes
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the fish are dark bronze or golden overall
1973).
Golden shiners have a wide natural distribution *
ranged originally from Saskatchewan and fw
southward to Florida and Texas. The fish ha
introduced to many waters west of the Rocky M!
tains (Eddy, 1969). *
Golden shiners are extremely prolific breeders '
generally spawn from March through July in soui
areas. The eggs are scattered over submerged veBeu^*
and left to hatch (McKechnie, 1966). ^"
Food habits of the golden shiner are highly •
Young fish consume mainly algae and zooplar>",«
Adults are opportunistic, taking insects, smaller
algae, high aquatic plants, and, occasionally,
snails, and other invertebrates (Minckley, 1973)
Golden shiners can grow to a relatively large uit
Adults to 10 inches (25,4 cm.) have been known. Tb*
fish is fast growing and may reach 2-4 inches (5.1-10,2
cm.) by their first year (Eddy, 1969; Minckley,
Golden shiners prefer shallow muddy ponds,
rarely do they become abundant in the lower ele
waters. In these areas they persist as small reproc
populations (Minckley, 1973).
Today, there are mixed emotions concernim e
importance of the golden shiner. The fish is very popu.
lar as a commercial bait species throughout much of the
United States. They are easy to raise under suitable con-
ditions and are an effective bait for largemouth bass and
crappie (Dobie et al., 1948).
Golden shiners also are of much importance biologi-
cally, with much of it viewed negatively. In some
waters, the fish provides a much needed and valuable
forage item for larger gamefish. However, in many
areas, the fish is considered as a serious and undesirable,
competitor of both game and non-game endemic species
(Espinosa and Deacon, 1978; Minckley and Carufel,
1967). Expensive eradication projects are occasionally
directed towards reducing or eliminating troublesome
populations (Minckley, 1973).
Golden shiners have been used as bait for many years
in Lake Mead and Lake Mohave (Miller, 1952). The
species has been commonly reared along the Muddy
River, and escapees from the brood ponds into the river
and then into Lake Mead are known (Jonez and Sum-
ner, 1954). The species is apparently well established in
the upper reaches of the Overton Arm, although the ,
major recruitment is probably from the Muddy River. *
The fish today is still a preferred bait species throughout <
both Lake Mead and Lake Mohave (Espinosa and Dea^
con, 1978).
RED SHINER
The red shiner (Notropis lutrensis) (Baird and Girard)
is a member of the minnow family Cyprinidae (Eddy,
1969).
The red shiner is a deeply compressed fish with a blunt
snout and terminal, oblique mouth. The lateral line is
decurved and has 33-36 scales along its length. The dor-
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ind pelvic fin rays are eight in number; the anal fin
number eight to ten, usually nine (Minckley, 1973).
^Coloration in the red shiner is usually tan to oli-
rfous on the dorsal parts, silvery on the sides, and
jte on the ventral parts.' Males in spawning condition
velop reddened caudal and ventral fins. The dorsal fin
[usually dark. The body becomes pale to intense blue
rith prominent, purplish crescents on the sides
. ^ e y , 1973).
•j-jjjs niinnow is widespread throughout most of the
Igiidwest region of the United States. It is one of the
|«ost abundant fishes found in the Mississippi River
Lrainage (Metcalf, 1966; Cross, 1967). The native range
fct this fish extends from Wyoming to Illinois and south
f 10 Mexico (Eddy, 1969). The red shiner has been intro-
fduced into many western waters. The fish thrives over a
Abroad range of water conditions and spreads rapidly
f ind aggressively in new waters (Minckley and Deacon,
1968; vlinckley, 1973).
Spawning by red shiners occurs during the spring-
time, usually in calm water, occasionally in riffles, over
a variety of substrates (Minckley, 1972). Spawning has
been observed near or over logs, boulders, gravel,
aquatic plants, or inundated terrestrial plants
(Minckley, 1959; Cross, 1967). During spawning, the
male chases the female in a zig-zag pattern through
the water. Spawning occurs in a flurry of activity with
the -"ale pressed closely to the female (Koehn, 1965).
Red shiners are omnivorous in their food habits. In
;, they feed mainly upon plankton and aquatic
itecct larvae. In streams the main foods are generally
algae, invertebrates, and young of other fish (Minckley,
1973).
This minnow does not grow to a large size. Adults to
three inches (7.6 cm.) in length are known (Eddy, 1969).
The ubiquitous nature of this species enables it to tol-
erate a wide span of environmental conditions. This has
co iributed significantly to the decline of many of the
native southwestern fishes (Minckley and Carufel, 1967;
Minckley and Deacon, 1968).
In 1955, through cooperative agreement with the Fish
and Game Departments of Arizona, California, and
Nevada, the red shiner was introduced into Lake
Mohave. It was hoped this small fish would serve as for-
age for the larger game fish (Trelease, 1956). However,
this introduction failed to establish a large population.
The planned introduction for this species into Lake
I ead was never accomplished, and the present estab-
lished population is probably the result of bait bucket
releases (Sumner, pers. comm.). Small schools of red
shiners are occasionally seen in the shallows during the
springtime and are of little consequence to the fishing
(Padilla, pers. comm.).
DESERT AND MOUNTAIN SUCKER
Two species of sucker are allowed for use as bait in
is Mead and Mohave. Arizona allows the mountain
- .ver (Catostomus platyrhynchus) (Cope) (Arizona
Fishing and Reptile Regulations, 1977-1978) and
Nevada allows the desert sucker (Catostomus clarki)
(Baird and Girard) (Nevada Fishing Seasons and Regu-
lations, 1978). Apparently some confusion exists
between the states regarding the nomenclature of these
fish. Variation in morphology has complicated the tax-
onomy of this complex of fishes. One fish as described
by Minckley (1973) may actually be the fish in question.
This fish, the Gila mountain sucker (Catostomus (Pan-
tosteus) clarki), at one time was known as Pantosteus
platyrhynchus. This early classification may be the
source of the confusion today.
The Gila mountain sucker exhibits much variation in
its morphology throughout its native range. The fish is
usually small to medium-sized, rarely exceeding 14
inches (35.6 cm.) in length. The sucker lips are large
with small, evenly dispersed papillae on the lower lip
and part of the upper lip; the anterior face of the upper
lip lacks papillae. Well developed lateral notches sepa-
rate the upper and lower lip; a shallow median notch
divides the lower lip. Scale counts in the lateral line are
variable, ranging from 61 to 104. The dorsal fin rays
number eight to twelve, usually ten or eleven; the pelvic
rays number eight to twelve, usually nine or ten (Min-
ckley, 1973).
Coloration in the fish is usually silvery tan to dark
green on the dorsal surface, fading to silvery or yellow-
ish on the sides and belly (Smith, 1966).
The natural range of the Gila mountain sucker
encompasses most of the lower Colorado River drainage
below the Grand Canyon. Populations are found in the
Gila, White and Virgin River drainages of Arizona,
Nevada, and Utah (Eddy, 1969). No evidence of estab-
lished populations has been found in Lakes Mead or
Mohave, although Gustafson and Minckley (1975b.)
reported the capture of several Xyrauchen-Catostomus
hybrids and one unidentified Catostomus from Lake
Mohave.
Spawning generally occurs in late winter and early
spring over riffles in a manner similar to other sucker
species (Minckley, 1973).
This sucker feeds mainly upon algae and other items
scraped from the bottom. Feeding fish are known to pull
themselves with their suction-like mouths along the
tops, sides, and even the bottoms of submerged boul-
ders and other objects (Minckley, 1973).
At one time, this sucker was extensively used as food
by Indians along the lower Colorado River (Minckley
and Alger, 1968). Today, they are rarely eaten and have
very little sporting significance. The main value of these
fish to anglers is their use as bait (Minckley, 1973).
MOSQUITOFISH
The mosquitofish (Gambusia afflnis) (Baird and
Girard) belongs to the top minnow family Poeciliidae
which contains the live-bearing species. This includes
many of the popular aquarium fishes (Eddy, 1969).
The mosquitofish is an elongated fish with an almost
straight profile. The dorsal fin rays number seven to
nine; anal fin rays number eight to ten. The dorsal fin is
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located far back on the body; the caudal fin is rounded.
Males have a short, stiffened gonopodium used in cop-
ulation. The gonopodium is actually modified from the
anal fin (Minckley, 1973).
Coloration of the fish is olivaceous or dull silver on
the body. The head and back are usually darker. The
dorsal and caudal fin typically have several rows of
black dots. A dark, tear-shaped mark also appears
below each eye. Each scale on the dorsum, sides, and
caudal peduncle is edged in dark pigment (Minckley,
1973).
The fish is native over much of North America. It is
found naturally from Illinois and Indiana south to Mex-
ico. Another native population extends from New Jer-
sey south to Alabama. Mosquitofish have been
introduced into many non-native areas throughout the
western United States (Eddy, 1969). It has also been
introduced into many foreign waters (Minckley, 1973).
The mosquitofish bears its young alive. The special-
ized gonopodium in the male is adapted for transferring
sperm directly to the female. The eggs are fertilized and
the young fish develop internally (Minckley, 1973).
Females may store the sperm from one copulation and
use it to produce repeated broods of young. The number
of fish in a brood varies from a few to over 300 (Krum-
holz, 1948).
The mosquitofish is very predatory in its food habits.
Its main food source is the larvae of small insects includ-
ing the mosquito. However, its own young and the
young of other species are also prime foods
1965).
The fish is small in size. Females grow to a la_
than the males and often reach 2.0 inches (5.Q <
more; males remain much smaller, rarely reaching!
than 1.2 inches (3.0 cm.) in length (Minckley, 1973)1
The mosquitofish is highly adaptable and SUCCM
a variety of habitats. These habitats range from'i,
cool springs to turbid, hot stock tanks (Minckley, lj
The importance of this species is viewed both
lively and negatively. The fish preys voraciously oni
quito larvae and is capable of nearly destroy!
populations of mosquitoes .under most conditl
Introductions into many waters were made solely!
this purpose (Minckley, 1973). The predatory nature!
the mosquitofish is not totally restricted to mosquito!
vae, however. It has been known to feed heavilyl
other fish, including young of more important game/
(Myers, 1965). This highly competitive species also!
been implicated in the reduction in abundance of i
of the Southwestern native fishes (Miller, 1961; M>
1965; Minckley and Deacon, 1968).
The mosquitofish was reported in Lake Mead du
1938-1942 (Moffett, 1943; Miller and Alcorn, 19
Moffett (1943) reported them as occurring commc
around the entire shoreline of the lake. However, Jc
and Sumner (1954) reported finding them only in
upper Overton Arm of Lake Mead. It was felt that tl
fish had disappeared over most of the lake due to unfa-
vorable water and food conditions.
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INCIDENTAL OCCURRENCES
. al species of fish are found, or at one time were
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Ound, incidentally within Lake Mead and Lake
Ijohave. These include: three stocked Salmonids . . .
coho (silver) salmon (Oncorhynchus kisutch), sockeye
/j.0kanee) salmon (Oncorhynchus nerka), and hybrid
Ijowcutt trout (salmo gairdneri x S. clarki); one native
Catc *^mid . . . the flannelmouth sucker (Catostomus
latip- ->is): and one introduced Ictalurid . . . the black
bullhead (Ictalurus malas).
COHO (Silver) SALMON
The coho (silver) salmon (Oncorhynchus kisutch)
(Walbaum) belongs to the family Salmonidae which
contains the trouts, chars, whitefishes, graylings, and
salmons (Eddy, 1969; Minckley, 1973).
( 10 salmon have an elongated, somewhat laterally
cor ressed body. The head is conical with a terminal
mouth bearing many needle-like teeth on the jaws. Dor-
sal fin rays number nine to thirteen; anal fin rays, twelve
to seventeen. Scales in lateral line number 120-145
(Minckley, 1973) (Figure 23).
Figure 23. Coho (silver) salmon (Oncorhynchus kisutch)
(Walbaum).
The coloration of the fish is usually metallic blue on
t ; dorsal surface; silvery on the sides and ventral areas.
Liack, irregular spots are numerous along the dorsum
and the upper lobe of the caudal fin (Minckley, 1973).
The native range of the species includes the Pacific
coasts of Asia and North America. In North America,
the fish is found from Alaska south to central California
(Moore, 1968). Coho have been introduced to many
other parts of the continent, including the Great Lakes
where they are established (Lievense, N.D.)
Coho, like all the salmons, are anadramous by
iature. The fish live and grow in the ocean and migrate
to fresh water to spawn. They enter their parent river
and travel upstream to the approximate place of their
own hatching. Nesting and spawning is completed in the
typical manner of the Salmonids. After spawning, the
adults die (Minckley, 1973).
Sexual maturity in coho salmon is generally achieved
by the end of the third summer of life. Occasionally,
they will mature at the end of the second and, rarely, the
fourth (Clemens and Wilby, 1961).
C feed on a variety of items. While in freshwater
as youiig fish, they feed on aquatic insects, crustaceans,
and other fishes. In the ocean, the diet is comprised
mainly of squids, crustaceans, and Clupeid fishes.
Adults cease feeding when they re-enter freshwater to
spawn (Minckley, 1973).
The coho is a medium to large-sized fish. It is smaller
than the chinook (O. tschawytscha) and rates second in
size among the Pacific salmon (Walden, 1964). Gener-
ally, the species average 6.6-13.2 pounds (3-6 kg.) at
maturity but specimens of almost 28.7 pounds (13 kg.)
have been recorded (Minckley, 1973).
The coho salmon is a prized game fish wherever it is
found. Its fighting tactics when hooked have given the
fish a reputation as the sportiest member of the Pacific
salmon, both in salt and fresh water (Walden, 1964).
The fish also supports a large commercial fishery along
the Pacific coast of North America (Minckley, 1973).
Coho also can be artificially reared for introduction pur-
poses (Everhart and Seaman, 1971).
Coho salmon have been released into Lake Mead and
Lake Mohave on several occasions. They were first
stocked into Lake Mohave in 1966. Other introductions
followed in 1968, 1969, and 1970. Lake Mead received
them from 1969 through 1972 (Arizona and Nevada
stocking records, 1966, 1968-1972) (Table 76).
Table 76. Coho salmon stocked into Lakes Mead and Mohave
(Arizona and Nevada stocking records, 1966, 1968-
1972).
MEAD MOHAVE
Year Number Year Number
1969 36,710 1966 10,000
1970 56,116 1968 30,059
1971 64,335 1969 15,000
1972 169,000 1970 34,308
Coho fishing at that time ranged from poor to fair in
both impoundments. Some stocked groups showed
good returns to the creel while others gave very low
returns (Table 77). Most of the fish taken were small in
size. This raised speculation that the majority of the fish
were maturing and reaching their maximum size at two
years of age instead of the normal three years. The
largest coho seen, from Lake Mead, measured 30.25
inches (76.8 cm.) and weighed almost nine pounds (4.1
kg.) (Lake Mead Job Progress Reports, 1970, 1974;
Lake Mohave Job Progress Reports, 1969, 1971).
Table 77. Total estimated silver (coho) salmon harvested and
percent of total game fish caught in Lake Mohave
from 1966 to 1972 (Nevada Fish and Game expanded
creel census data).
1966 136 .05 %
1967
1968 55,478 14.4%
1969 1,946 .6%
1970 1,165 .4%
1971 285 .1 %
1972
A variety of food items were found in the diet of the
Lake Mead coho. A total of eight items were identified.
These included threadfin shad, unidentified fish
remains, and several types of insects and invertebrates.
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However, only four months of the year are represented
and the sample size for three of the months is small
(Deacon et al., 1972) (Table 78).
Table 78. Stomach content expressed as percentage frequency of
occurrence of each food item found in stomachs of
coho salmon from Lake Mead (Deacon et al., 1972).
Feb. March
Number examined 3 8
Food organism
Empty
Threadfin shad
Chironomids 100.0
Odonata 33.3
Coieoptera 33.3
Arachnids 33.3
Ephemoptera 33.3
Daphnia 33.3 100.0
Fish remains
May
2
50.0
50.0
Sept.
48
69.0
15.4
7.0
SOCKEYE (Kokanee) SALMON
The sockeye (kokanee) salmon (Oncorhynchus nerka)
(Walbaum) belongs to the family Salmonidae which
contains the trouts, chars, whitefishes, graylings, and
salmons (Eddy, 1969).
Kokanee salmon have a rather elongate, laterally
compressed, shallow body. The mouth is terminal with
small, weak teeth. The dorsal fin rays vary from eleven
to sixteen; anal fin rays, thirteen to seventeen (Minckley,
1973).
Coloration of the fish is generally greenish-blue to
silvery-blue dorsally, turning silvery on the sides and
belly. Fine black diffuse speckles cover the dorsal area
but are absent from the rest of the body. Breeding
adults become reddened: the males brilliantly; the
females much more dully (Minckley, 1973).
The name "kokanee" is applied to land-locked popu-
lations of the sea-run sockeye salmon. The sockeye
ranges along the Pacific coasts from Japan to Califor-
nia. The land-locked kokanee was originally found in
Oregon, Idaho, Washington, British Columbia, and
Alaska. It was also found in northern Japan. Because of
their importance as a game and forage fish, kokanee
have been widely stocked into many waters throughout
the United States (McClane, 1965).
Kokanee naturally inhabit medium to large lakes and,
generally, ascend tributary streams to spawn. However,
spawning can occur over gravel bars within the lake or
reservoir. After spawning, which occurs between late
summer and early spring, is completed in the usual
Salmonid fashion, the adults die (Everhart and Seaman,
1971).
The kokanee has a relatively long and variable period
of sexual maturation. Maturity ranges from two to
seven or, possibly, eight years (Minckley, 1973).
Kokanee salmon feed mainly on plankton and small
aquatic invertebrates. Crustaceans seem to be the pri-
mary food item with small insects also eaten on occa-
sion. Young of other fish species are consumed at times
(Ricker, 1959; Northcote and Lorz, 1966).
Kokanee are relatively small fish. Most mature at sizes
of 8-10 inches (20.3-25.4 cm.). Only rarely do they
exceed 4.4 pounds (2 kg.) in weight. Maximum .
the fish seem to be related to the richness of the WM
which they are found (Carlander, 1969).
Kokanee salmon are a fine game fish in mostl
where they are found. The freshwater fish is ra
the excellent table quality as the saltwater sockeye fei
nonetheless fine as food (Minckley, 1973). ln {j
instances, kokanee have been important as foras
larger Salmonids (Franz and Cordone, 1970). Howe
in many cases, kokanee have been known to come
directly with more desirable species, causing a de
in production of the desired fishes (Seely and Me
mon, 1966). Kokanee can also be raised in hatcheriesl
introduction purposes (Everhart and Seaman, 1971
**t
Beginning in 1962, kokanee salmon were stocked i
Lake Mohave by the states of Arizona and Neva
Other introductions were made in 1964 and 1965 (Taj
79).
Table 79. Kokanee salmon stocked into Lake Mohave (Arizig
and Nevada stocking records, 1962, 1964-1965).*
Year
1962 100,0
1964 . 319 7«
• " • **.m
1965 99,1
These introductions failed to establish a population!
had been hoped. During that time, only one verifie
catch was noted (Lake Mohave Job Completion Re
1965). With these failures, stocking of the spe
ceased.
BOWCUTT TROUT
The bowcutt trout is a hybrid resulting from a en
of the male rainbow trout (Salmo gairdneri) and
female cutthroat trout (Salmo clarki). These two species ,^
are very closely related morphologically (La Rive
1962). In fact, where the two species exist together,
hybridization readily occurs. This crossbreeding has.
been a major factor in the decline of pure cutthroat^,
stocks (Miller and Alcorn, 1946). Where crossbreeding*
has occurred, the offspring take on characteristics owl
both parents. In many cases, only intense taxonomiql
investigation can determine whether hybridization has
occurred (Behnke, N.D.). <JP
In 1975, bowcutt trout were reared and introduced"
for the first time into Lake Mead by the Nevada Depart-
ment of Fish and Game. Another introduction occurred
in 1977 (Table 80). It was hoped these fish would exhibit "
favorable characteristics from both parent stocks and
provide a good source of angling. However, the 1975
introduction was small and creel returns were not good.
In 1976, the year the Salmonid fishing declined in qual-
ity, only one bowcutt was checked in creel census. Two
others were sampled in gill net sets. These fish were large
in size. The censused fish was 19 inches (48.3 cm.) in
length and weighed almost 3 pounds (1.4 kg.). The net-
ted fish were 20.5 inches (52.1 cm.), 4.1 pounds (1.9 kg.)
and 21.8 inches (55.4 cm.), 5.8 pounds (2.6 kg.), respec-
tively. The success of the 1977 introduction is still being
A"
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'uated (Lake Mead Job Progress Reports, 1975,
, 1977).
T,ble 8". Bowcutt trout stocked into Lake Mead (Nevada
Department of Fish and Game stocking records, 1975,
1977).
fiar Number
I975 28,908
j977 67,610
FLANNELMOUTH SUCKER
The flannelmouth sucker (Catostomus latipinnis)
(Baird and Girard) belongs to the family Catostomidae
which contains the buffalofishes, carpsuckers, and suck-
ers (Eddy, 1969).
The flannelmouth sucker has an elongated body that
is relatively thin posteriorly and thick anteriorly. The
head is short and thick. The lower lip of the typical
sue '--like mouth is markedly enlarged and divided by a
met.;un groove into two large fleshy lobes. The scales are
small, generally more than eighty in the lateral line, and
sometimes embedded on the anterior parts of the body.
The fins are large in size and soft rayed. The dorsal fin
rays number ten to eleven (Eddy, 1969; Minckley,
1973).
Coloration of the fish varies from light gray or tan on
the dorsal parts to even lighter on the ventral parts
(M'nckley, 1973).
he natural range of this species is in the Colorado
- drainage of the western United States. The range
Ch-diis native fish, like that of the Gila spp. and the Col-
orado squawfish, is now markedly reduced in size. The
fish apparently is not well suited to life in impound-
ments and is found only rarely within them (Minckley,
1973).
Flannelmouth suckers are spring or early summer
spawners. During their spawning period, adults migrate
i: 'stream to carry out the act (La Rivers, 1962). Hybrid-
l dtion is known to occur between the flannelmouth and
other sucker species (Hubbs and Miller, 1953; Gustaf-
son and Minckley, 1975).
The species is generally considered as being primarily
vegetarian in its food habits (Ellis, 1914). However,
Minckley (1973) stated that the fish may feed heavily on
aquatic invertebrates.
Flannelmouth suckers at one time were important
' ~>od fishes for native people living along the Colorado
iver system. These relatively large suckers occasionally
/cached lengths over 18 inches (45.7 cm.) and, along
with the other native species, provided a ready source of
food to the Indians (La Rivers, 1962; Sigler and Miller,
1963).
No recent sightings have been made from Lake Mead
(Padilla, pers. comm.). However, the fish is still com-
mon throughout the Grand Canyon above Lake Mead
(Minckley and Blinn, 1976).
Only one occurrence of flannelmouth sucker has been
mented from Lake Mohave (Jonez and Sumner,
i- ,). However, hybrids of the humpback sucker
Xyrauchen and a Catostomus species, possibly the
flannelmouth, have recently been captured from the res-
ervoir (Gustafson and Minckley, 1975).
BLACK BULLHEAD
The black bullhead (Ictalurus melas) (Rafinesque)
belongs to the catfish family Ictaluridae which contains
the catfishes, bullheads, and madtoms (Eddy, 1969).
The black bullhead is very chunky in its body confor-
mity. Stream fish, however, are often more slender in
appearance than Lake fish. The caudal fin is rounded or
square with the fleshy adipose fin completely separated
from it. The barbels under the nearly equal jaws are pig-
mented grey to black. The pectoral spines are weakly
barbed on the posterior edge and offer little resistance
when grasped between thumb and forefinger (Eddy,
1969; Minckley, 1973) (Figure 24).
Figure 24. Black bullhead (Ictalurus melas) (Rafinesque).
The fish is generally very dark colored dorsally, rang-
ing from yellowish-brown to black. Coloration on the
belly ranges from white to grey (Eddy, 1969; Minckley,
1973).
The black bullhead ranges widely in the United
States. Its native territory includes the area from North
Dakota east to New York and south to Texas. The spe-
cies has also been introduced into many waters through-
out the western United States and Canada (Eddy, 1969;
La Rivers, 1962).
Spawning occurs during the spring and early summer.
Both adults assist in constructing a nest along some pro-
tected area. If no natural cavity occurs, then a depres-
sion is excavated in the substrate. The eggs are laid in a
gelantinous mass and are cared for by both adults. After
hatching occurs, both fish continue caring for and pro-
tecting the young for some time (Breder and Rosen,
1966).
Black bullheads are omnivorous in their food habits.
However, animal food when abundant is taken most
often. Feeding by the young occurs during the early
morning and late evening hours; the adults feed most
often at night. Bullheads, like the channel catfish, are
very active foragers (Minckley, 1973).
The species seems to prefer relatively quiet, turbid
waters. They also are intolerant of large numbers of
other fish species, occurring most abundantly when
alone or with one or two other species (Minckley, 1973).
There is mixed emotion concerning the importance of
the black bullhead. Even though the species is not popu-
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lar as a game fish, it still remains as a good eating fish
when taken from suitable habitat and receives some
angling attention (La Rivers, 1962). In many areas,
stunted populations with individuals only a few inches
(cm.) in length are common. These stunted fish may
adversely compete with more desirable game fish for
food and space. Often, costly eradication projects are
necessary to check or eliminate certain troublesome
bullhead populations (Minckley, 1973).
In Lake Mead, black bullheads are found abundantly
only in and about the mouth of the Moapa (Muddy)
River. Very few are taken from other areas of the lake
(Jonez and Sumner, 1954). Only one specimen i
1937 from the Boulder Beach area, has beeu
mented from the Boulder Basin (Wallis, 1951>J
In Lake Mohave, the black bullhead is v
found. Jonez and Sumner (1954) reported
only four specimens from the lake.
The exact time of entry of the black bullL
Lake Mead and Lake Mohave is unknownj
appear to be no reliable records indicating
where the fish were stocked (La Rivers, 1962). The!
of little significance in either water (Jonez and S«
1954).
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UNUSUAL FISH OCCURRENCES
unusual fish occurrences have been docu-
mented from or near Lake Mead. These occurrences,
although very rare, raise many questions regarding
entry of the fish into the lake. These unusual species
include: the freshwater American eel (Anguilla ros-
), the walking catfish (Clarias batrachus), and the
'e (Stizostedion vitreum).
FRESHWATER AMERICAN EEL
The freshwater eel (Anguilla rostrata) (LeSuer)
belongs to the family Anguillidae and is the only species
of its family native to the United States (Eddy, 1969).
The fish is elongated and snake-like in appearance.
The jaws are well developed. The dorsal, caudal, and
anal fins are confluent; the pelvic fins are the only paired
ap ndages (Minckley, 1973).
,ie natural range of the eels is large. They are found
on the Atlantic coasts of North and Middle America
and in Europe. They are also found throughout the vast
Indo-Pacific area. None is naturally found along the
Pacific waters of North America (Ege, 1939).
Eels are catadromous by nature. They remain in fresh
water to feed and grow, and migrate to the ocean to
spawn. Females are often found over 1,800 miles (2,896
km.) inland; males tend to remain farther downstream
i orackish waters. After a period of several years, per-
h 20 or more, the fish migrate to the ocean and swim
tt e place of their origin. After spawning, the adults
dMMinckley, 1973).
Eels are omnivorous and voracious in their food
habits. They will consume all kinds of plant and animal
food, both dead and alive (Eddy, 1969).
In many locales, eels are important as a source of
food. They are also caught and sold commercially in
ome areas (Eddy, 1969).
At least two individuals have been taken from Lake
Mead. Both fish were taken in 1972—one from the
Overton Arm and the other from Las Vegas Bay. The
specimen from the Overton Arm was 18.1 inches (46
cm.) in length (si); the other was estimated to be 23.6
inches (60 cm.) long. Both were taken by anglers (Min-
ckley, 1973).
There is much speculation regarding the initial entry
of these fish into Lake Mead. Possibly these fish were
introduced through the bait or pet industries as elvers
(Minckley, 1973). Another possibility exists that these
fish were downstream migrants. Elvers have been reared
by the State of Colorado in the Colorado River drainage
(Everhart and Seaman, 1971). Perhaps, escapees from
the Colorado rearing station found their way down-
stream and into Lake Mead.
WALKING CATFISH
^e "walking" catfish (Clarias batrachus) (Linnaeus)
b gs to the family Claridae which contains several
foreign species (Sterba, 1966).
The fish is elongated and eel-like in appearance. The
head is broad and flat with a transverse mouth. Four
pairs of long barbels extend from the jaws. The dorsal
and anal fins are large; the pectoral and pelvic fins are
well developed and stiffened for use in terrestrial loco-
motion. Accessory air breathing organs are present in
the gill chamber. These organs allow the fish to survive
in low oxygen waters and even on land for a short time
(Sterba, 1966).
Natural coloration varies from brownish to greenish-
blue with the dorsal area usually a dark greenish hue.
The ventral parts may be pale brown to light reddish in
color. Numerous pale or white spots mark the sides.
Fins are generally greyish-green or yellowish-green with
red borders on the vertical fins (Sterba, 1966). Color-
ation of many of the imported aquarium stocks shows
true albino characteristics. The fish are pinkish-white
with red or pink eyes (Minckley, 1973).
The natural range of Clariidae extends from Africa
and Madagascar through southern Asia to east Asia,
including the Philippines and the Malay Archipelago.
Clarias batrachus are widely distributed within this
range from Ceylon through eastern India to Malaya
(Sterba, 1966).
Walking catfish are very tenacious of life and are
voracious predators. They will eat numerous kinds of
aquatic life plus any small terrestrial animals they can
catch. In their native range, they often spend several
hours at a time on land in search of food (Sterba, 1966).
Members of this family have frequently been used in
the pet fish industry. The young fish are suitable for
domestic aquaria, but they grow rapidly and usually
become too large for most collectors to handle (Sterba,
1966). In the southern United States, particularly Flor-
ida, escaped or released walking catfish have established
populations and are considered as pests (Minckley,
1973).
In June, 1971, two individuals (both albino) were
removed by Nevada Department of Fish and Game per-
sonnel from Rogers Spring near Overton Arm of Lake
Mead. It was felt that these fish were released into the
spring by pet fish collectors.
Today, walking catfish have been placed on the "Pro-
hibited Species List" by all the member states of the
Colorado River Wildlife Council. Their importation is
now illegal under the various state regulations. The cri-
teria for placement on the prohibited list is as follows:
the fish preys on and competes with desirable species; it
is unmanageable due to its terrestrial ability and poses a
threat to fish and wildlife in neighboring states; also, it
is incompatible with programs dealing with preservation
of rare and endangered species (Colorado River Wildlife
Council, 1977).
WALLEYE
The walleye (Stizostedion vitreum) (Mitchill) belongs
to the perch family Percidae which contains the perches,
darters, walleye and sauger (Eddy, 1969).
The walleye is the largest member of its family. The
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fish is slender and slightly compressed. Large, sand-
paper-like ctenoid scales cover the body with 80-89
scales along the lateral line. The head and mouth are
large with canine teeth lining the jaws. The eyes are
large and opaque thus giving the fish its name. Color-
ation is generally brassy-olive, shading to olive-yellow
on the sides and whitish on the belly. Black mottling
covers the darker parts. A dark blotch, distinctive of the
species, is located on the lower posterior corner of the
spiny dorsal fin. A white tip is also present on the lower
lobe of the caudal fin (Niemuth et al., 1959; Eddy, 1969)
(Figure 25).
Figure 25. Walleye (Stizostediun vitreum) (Mitchill).
The natural range of the walleye in North America
encompasses a large part of eastern Canada and the
United States. The boundaries are Great Slave Lake in
the northwest and Labrador in the northeast. The range
then extends southward to northern Alabama and
northern Arkansas, and then west into Nebraska (Nie-
muth et al., 1959). Because of the popularity of the wall-
eye as a gamefish, numerous introductions have been
made into non-native waters which have greatly
extended their range and distribution (Sigler and Miller,
1963; Everhart and Seaman, 1971; Minckley, 1973).
The walleye is a spring spawning species. Often, they
"run" into tributaries as much as 100 miles (160.9 km.)
to spawn (Niemuth et al., 1959). However, in many
places, walleye frequently utilize the areas along banks
and dams where large rip-rap rocks are located. Spawn-
ing usually occurs in water less than 6 feet (1.8 m.) deep.
Large females, accompanied by several smaller males,
scatter their eggs over the shallow spawning area during
the night and then move back into deeper water (Ever-
hart and Seaman, 1971).
Walleye are highly predacious in their food habits. At
first, when the fish are young, crustaceans form the bulk
of the diet. As the fish grow larger, insect larvae become
an important food item. Fish first appears in the A"
when the walleye reaches about three inches (7.6 cm \. Adults feed mainly on other fish, sometim*
exclusively. Other food items occasionally jai
include: frogs, crayfish, snails, and large insects (foii
muth et al., 1959; Everhart and Seaman, 1971). -!
Growth in walleye is usually quite rapid. Fish length
can vary considerably from water to water. Usually th
fish reach 6 to 8 inches (15.2-20.3 cm.) their first ye»r
and 12 inches (30.5 cm.) by the second year. Femalet
tend to grow faster and larger than the males. They
occasionally achieve weights exceeding 20 pounds (9 \. Actually, weights over 10 pounds (4.5 kg.) are ran
(Niemuth et al., 1959; Everhart and Seaman, 1971),3?
Generally, the life span of the walleye appears to be
about 7 years. However, some fish, particularly females,
become much older. Some have been estimated at 18
years old (Niemuth et al., 1959).
Walleye are adaptable to all types of waters. They
seem to prefer moderately fertile waters but also have'
been found in eutrophic, dystrophic, and oligotrophlc
waters. The species is nocturnal in its habits and prefers
the deeper portions during the day (Niemuth et al.,
1959).
Walleye are very important fish over most of their
range. Anglers prize them for their fishery qualities and
sportiness. They are excellent table fare as well. The1
fish, also, has biological importance. They can be reared
relatively cheaply in artificial situations for introduction
purposes. These predators can be useful in predator-
prey balances in large open-water lakes. Of negative
value is the fact that walleye are severe competitors 01
other game fish, especially largemouth bass (Niemuth
al., 1959). The American Fisheries Society has valued
walleye at $4.56 per pound ($10.05 kg.) (Pfeiffer, 1975).
Several catches of walleye have been verified from
Lake Mead. In May 1970, a 19.5-inch (49.5 cm.), 3.5-;
pound (1.6 kg.) fish was taken from the Boulder Canyon
by an angler. This was the second verified sighting of the
species. Another was caught in June, 1973, when a 20-
inch (50.8 cm.), 2.75-pound (1.2 kg.) fish was taken
from Cathedral Cove of the Overton Arm. Other
unconfirmed reports have also been heard (Lake Mead
Job Progress Report, 1970; Padilla, pers. comm.).
Apparently, these fish were downstream migrants from
states where they have been introduced (Minckley,
1973). None has ever been stocked intentionally into
Lake Mead.
r
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PREDATION AND COMPETITION
e degree of fish predation and competition in a
body of water is largely dependent on the species com-
position of the fish population. Additionally, it is
influenced by biological and physical factors of the envi-
ronment that may favor reproduction, growth, or sur-
vival of individual species. Also, spatial separation of
fish species is often dictated by barriers of temperature
an;i oxygen or by simple adaptation to lotic, lentic, lit-
toral or limnetic habitat.
The interactions of the various fish species in Lakes
Mead and Mohave are complex. There are few well
defined predator-prey relationships and many examples
of competition between species for food or space. Most
of the fishes are both predator and prey, competitive
and non-competitive, at various stages of their life
cvcle.
THREADFIN SHAD (Dorosoma petenense)
The threadfin shad is an obligate planktivore and
serves effectively as a prey species in Lake Mead and
Lake Mohave for all of the piscivorous fishes. The suc-
cess of the shad introduction and their subsequent abun-
dance in Lake Mead provided the incentive for
introductions of additional predatory game fishes. The
striped bass introduction and the trout stocking pro-
gram for Lake Mead were_based on an apparently
ur utilized shad population.
.:ral of the clupeid fishes establish large, pelagic
populations in reservoirs, and the trend in reservoir
management has been toward stocking of more efficient
predators to utilize this forage base (Pritchard et al.,
1977).
Threadfin shad are effective planktivores, and in this
role they are competitive with the fry and fingerling of
other species. This interaction has been explored by
Miller (1971) and by von Geldern and Mitchell (1975).
This problem is probably intensified in waters that are
deficient in nutrients and in reservoirs that over-winter a
large population of adult shad.
RAINBOW TROUT (Salmo gairdneri)
Ordinary hatchery-produced rainbow trout are not
regarded as efficient predators. Frequently, rainbow
trout fisheries decline in the presence of an abundant
forage fish population. Fish eradication projects are
often necessary in small reservoirs and lakes to eliminate
or reduce populations of bait-size fishes prior to reintro-
duction of rainbow trout.
The species is not a good competitor and often exhib-
its the best growth and body condition in waters that are
devoid of competitive forage species.
Stocked rainbow trout are susceptible to predation by
largemouth bass and striped bass. This predation has
be' loted frequently in Lake Mead, and Edwards
(lv recorded predation by striped bass in the Colo-
rado River below Davis Dam.
CUTTHROAT TROUT (Salmo clarki)
Mature cutthroat trout are generally piscivorous in
waters where appropriate size forage fishes are found
(Sigler and Miller, 1963; La Rivers, 1962). They show
rapid growth and attain a large size in fertile lakes that
contain abundant forage fishes (Walker Lake Job Com-
pletion Report, 1958; Pyramid Lake Job Completion
Report, 1958).
The Lahontan cutthroat trout (S.c. henshawi) is also
a successful competitor with some other salmonids and
large forage fishes for macro-invertebrates and plank-
ton.
Hatchery stocked, immature cutthroat compete suc-
cessfully with an established population of brook trout
(S. fontinalis) in Marlette Lake, Nevada, and they com-
pete successfully with a large population of Lahontan
tui chubs (Gila bicolor obesus) in Walker and Pyramid
Lakes.
Cutthroat trout in Lake Mead and Lake Mohave prey
primarily on the abundant population of threadfin shad
(D. petenense).
BROWN TROUT (Salmo trutta)
Brown trout are opportunistic feeders. Large individ-
uals are often exclusively piscivorous (Reimers et al.,
1955). It is assumed that the planned introduction of the
species into Lake Mead will only impact the threadfin
shad population.
Brown trout are successful competitors with other
salmonids or other opportunistic and piscivorous fishes.
BROOK TROUT (Salvelinus fontinalis)
Brook trout consume a variety of food items, and
their food habits are determined largely by the avail-
ability of food organisms (Card, 1961b). This cosmo-
politan diet places the species in competition with other
fishes that inhabit the same water.
Fish are a major item in the diet of large brook trout.
The rapid growth of the species in Lake Mohave indi-
cates an early conversion to a shad diet although no
stomachs were examined on the few specimens that have
been recorded.
CARP (Cyprinus carpio)
Carp are recognized as very successful competitors
with other fishes for food and space. Their natural for-
aging ability and omnivorous diet favors this species in a
variety of habitat. Their survival is enhanced by fecun-
dity and rapid growth that precludes predation by most
piscivorous fishes in Lakes Mead and Mohave.
Although carp occasionally consume other fishes,
they are not regarded as a predatory species. Their
greatest impact on other fishes is the alteration of
habitat that occurs with destruction of aquatic vegeta-
tion and clouding of the water (Sigler, 1958; Walden,
1964). This impact is severe in shallow lakes and reser-
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voirs with fine silt substrate. Habitat alteration by carp
in Lake Mead and Lake Mohave is an insignificant fac-
tor.
Predation by carp on eggs and sac-fry of centrarchid
fishes has been documented on Lake Mead (Allan and
Romero, 1975) and Lake Mohave (Jonez and Sumner,
1954). Unattended eggs of other fish species are prob-
ably consumed when they are available. The spawn of
humpback suckers, X. texanus, is vulnerable to preda-
tion and this species may be limited in both lakes by
foraging carp.
COLORADO RIVER CHUBS (Gila spp.)
The small population of bonytail chubs, Gila elegans,
that exists in Lake Mohave has minor significance in
predator-prey interactions. Jonez and Sumner (1954)
identified plankton, algae, insects, and organic debris in
the stomachs of bonytail chubs.
The absence of the species in Lake Mead indicates an
inability to compete in a total lacustrine environment.
COLORADO SQUAWFISH (Ptychocheilus lucius)
The Colorado squawfish was the top predator in the
pristine Colorado River. The piscivorous nature of the
species is well documented (Vanicek and Kramer, 1969;
Toney, 1974).
Apparently the decline and disappearance of squaw-
fish from the lower Colorado River, Lake Mead and
Lake Mohave was related to the creation of the
impoundments. The severe alteration of the riverine
environment favored exotic fish species and depressed
the native prey species (Johnson, 1977). Reintroduction
of squawfish into the present hostile environment below
Hoover Dam or Davis Dam is not feasible.
HUMPBACK SUCKER (Xyrauchen texanus)
Mature humpback suckers are successful competitors
with other species that feed on algae, decaying organic
matter, insect larvae and plankton.
Recruitment to the adult populations of Lake Mead
and Lake Mohave is probably limited by carp, centrar-
chids and salmonids.
CHANNEL CATFISH (Ictalurus punctatus)
Channel catfish are omnivorous and, therefore, com-
petitive with other fishes in Lake Mead and Lake
Mohave. The ability to feed by sight and taste improves
foraging efficiency and assures survival of the species in
a variety of habitat.
The abundance of threadfin shad, D. petenense, pro-
vides an adequate forage base in both lakes for these
predaceous catfish.
STRIPED BASS (Morone sexatilis)
The striped bass is the major predatory species in
Lake Mead. Bayliss (1972) documented cannibalism in
hatchery striped bass at 18 days of age. Threadfin shaft
are the dominant food item in stomachs of striped bait
from Lake Mead, and catchable-size trout are ^ ^
quently ingested for several days following a
stocking.
Although striped bass occupy many of the same area*
that are frequented by largemouth bass, M. salmoidet
no evidence of predation on this species has been fou^L's
The two species are competitive for threadfin shad, aod
this forage base could be depleted if the striped *
population explosion continues.
LARGEMOUTH BASS (Micropterus salmofa
Adult largemouth bass are recognized predators <
variety of fishes and other large organisms. In Lake
Mead and Lake Mohave they prey largely on threadfin
shad, D. petenense. Other fishes, crayfish, and insect!
are also taken. "iSIr"
Fry and fingerling largemouth bass consume quajK
tities of zooplankton and small aquatic insects. General
ally, small fish appear in their diet when they attain two!
inches (5 cm.) in length, depending on the availabilitf***5*
food.
Largemouth bass fry are competitive with fry and I
gerling of many species in Lake Mead and Lake Mohave
for zooplankton. They also compete with adult thread*
fin shad for Crustacea. Some competition is evident with",
postlarvae of striped bass, M. saxatilis, and this specie!
is selective for Copepods in culture ponds (Regan ctJfiL
1968), while largemouth bass fry utilize BosminautA
Daphnia (Baker and Burk, 1976). ^P
Competition for prey-size centrarchid fishesJIl
minimal between adult largemouth bass and striped bin
in Lake Mead. Only one centrarchid was found in 112 ,
striped bass stomachs. Centrarchids are readily con-
sumed by largemouth bass when other fishes are scarce.
BLACK CRAPPIE (Pomoxis nigromaculatus)
Crappie are competitive with other fishes that
sume zooplankton and aquatic insects. Large adults)
predacious and competitive with other piscivorool*
fishes for threadfin shad, D. petenensis, in Lake Meto^
and Lake Mohave. Other fish species are also con-
sumed, including fry of largemouth bass, M. salmoldtl^
(Lake Mead Job Progress Report, 1974).
BLUEGILL (Lepomis macrochirus)
Bluegill sunfish are competitive with many other
fishes for plankton, insects, and spawn of other fishe*.
They are not generally regarded as a piscivorous species
although small fish constitute a small portion of their
diet. "*
GREEN SUNFISH (Lepomis cyanellus) •#*"
Green sunfish food habits are similar to the '
L. macrochirus. The larger mouth size of the
facilitates the taking of a wider range of organisms-
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Table 81. List of predators found in Lake Mead and
Lake Mohave.
They are piscivorous to a greater degree than bluegill.
y consume the young of largemouth bass, black
"Jrappie, bluegill, and other green sunfish (Jonez and Fish
Sumner, 1954). CarP Cyprinus carpio
Largemouth bass Micropterus salmoides
OTHER PREDATORS Black crappie pomoxis nigromaculatus
_, . - , .. , , ._ . . . . , . Bluegill Lepomis machrochirus
The spiny, soft-shelled turtle (Trionyx spmiferus) is Green sunfish Lepomis cyanellus
found occasionally in Lake Mead and Lake Mohave. Channel catfish Ictaluruspunctatus
Or food item for these reptiles is fish. They bury into Striped bass Roccussaxatilis
the soft lake bottom with only their slender, tubular Trout-(Rainbow, Cutthroat) Salmospp.
snout protruding above the mud. Any unwary small fish Reptiles
that ventures too near the turtle may be made into a Soft-shelled turtle Trionyx spimfen*
meal (Jonez and Sumner, 1954). Bl!Lds . _ , D ..
11 „ v . . - • • . • j , Eared Grebe —Pohiceps caspicus
Several species of piscivorous birds also have been Western Grebe Aechmophoms occidental*
found feeding upon game fish of all species in Lake Pied-bill Grebe Podilymbuspodiceps
Mead and Lake Mohave. Some of these include the White Pelican Pelecanus erythrorhynchos
double-crested cormorant (Phalacrocorax auritus), Double-crested Cormorant. Phalacrocoraxauritus
. . . . . . . . . . Common Loon Gavia immer
wntern grebe (Aechmophorus occidental*), common Great Blue Heron Ardea herodias
m >anser (Mergus merganser), great blue heron (Ardea American (common) Egret Casmerodiusalbus
herodias), snowy egret (Leucophoyx thula), and white Snowy Egret Leucophoyx thula
pelican (Pelecanus erythrorhynchos). The cormorant American (common) Merganser Mergus merganser
and western grebe were found to be extremely pre- Go2StM^^^
dacious on young fish (Jonez and Sumner, 1954) (Table Gulls Larusspp.
81). Belted Kingfisher Megacerylealcyon
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SPINY SOFTSHELL TURTLE
The spiny sof tshell turtle (Trionyx spiniferus) belongs
to the family Trionychidae. Three species of this family
are found in the United States (Stebbins, 1966).
The spiny softshell turtle is flattened with a flexible,
leathery shell. Its legs are flattened and the toes are
broadly webbed. The neck and head are developed into
a flexible proboscis. The lips are fleshy and conceal
sharp edged jaws. Coloration on the dorsal parts is
olive-brown or grayish and is flecked randomly with
black dots. The carapace has a cream-colored border.
The ventral parts are yellowish and unmarked. Females
are generally larger than the males and have well devel-
oped warts along the anterior edge of the carapace
(Stebbins, 1966).
The native range of the softshell turtles extends
throughout the Mississippi River basin and southeastern
United States. In the west, it is found in the Rio Grande
and Pecos rivers. T. spiniferus was introduced into the
Gila and Colorado rivers from New Mexico about the
turn of the century (Webb, 1962; Stebbins, 1966). The
species is occasionally seen in both Lake Mead and Lake
Mohave (Jonez and Sumner, 1954).
Nesting occurs from May to July on sandy beaches?^
The turtle feeds on earthworms, snails, crayfish, insects'
fish, and, occasionally, aquatic plants. It occasionally
scavenges for food (Stebbins, 1966).
The spiny softshell turtle is primarily a big river
inhabitant. However, it also does well in ponds and res-
ervoirs. The turtle prefers a substrate of mud, sand, or
gravel (Stebbins, 1966).
This species is of very little importance to the fisheries
of Lake Mead or Lake Mohave. They occasionally con-
sume small game fish as food; however, this amount is
felt to be insignificant (Jonez and Sumner, 1954). The
Arizona Game and Fish Department has classified the
turtle as a game reptile and has established season and
bag regulations for them (Arizona Fishing and Reptile
Regulations, 1977-1978). In Nevada, the turtle is not
classified as a game species.
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AQUATIC INVERTEBRATES
^__^ species of invertebrates are present in the
Lake Mead/Lake Mohave study area. However, the
severe water fluctuations and the lack of abundant sup-
porting vegetation in both lakes prevent many of these
aquatic species from building good populations. The
types of invertebrates present include: mollusks, crusta-
ceans (including zooplankton), insects, arachnids, and a
;mall freshwater jellyfish. Many of these organisms are
valuable as a source of food for fish (Table 82 and Table
83.)
Table 82. List of zooplankton found in Lake Mead and Lake
Mohave (Jonez and Sumner, 1954; Deacon et al.,
1972; Baker and Burk, 1976).
Order and genus Importance
Cladocera
Bosmina Important as food to small fish
Daphnia Important as food to small fish
Chydorus Important as food to small fish
Alona Some importance as food to small fish
Scapholeberis Important as food to small fish
Copepoda
Cyclops ~ Important as food to small fish
Diaptomus Important as food to small fish
Macrocyclops Some importance as food to small fish
Mesocyclops Important as food to small fish
Rotifera
Keratella. .Some importance as food to small fish
Polyarthra Some importance as food to small fish
Asplanchra Some importance as food to small fish
Filinia Some importance as food to small fish
F 'crina
Ana Some importance as food to small fish
Two aquatic insect forms, mayflies (Ephemeroptera)
and caddisflies (Trichoptera), were also found abun-
dantly along the Colorado River below Hoover Dam
before the filling of Lake Mohave. These insects, at that
time, were important items in the diet of trout (Moffett,
1943). However, after the filling of Lake Mohave in
1951, these two forms were rarely seen. Apparently, the
fluctuating lentic habitat was not conducive to the con-
tinued existence of these insects (Jonez and Sumner,
1954).
The amphipod, Gammarus fasciatus, which was
introduced into the Colorado River below Hoover Dam
in 1941 (Moffett, 1942), was also found abundantly
along the Colorado River before the filling of Lake
Mohave. This population, too, declined in number and
range following the advent of the lake. Scuds are now
found only in the coldwater area near Willow Beach
(Jonez and Sumner, 1954; Lake Mohave Job Progress
Reports, 1970, 1972). Another introduction was made
in 1972 in hopes of enhancing the population. This
introduction did increase the population for a short time
but gave no obvious, lasting results (Lake Mohave
Progress Report, 1972).
The crayfish, freshwater Asiatic clam, and the fresh-
water jellyfish are covered in separate sections.
CRAYFISH
Moffett (1943) and Jonez and Sumner (1954) men-
tioned the presence of crayfish in Lake Mead during
their respective studies. However, neither study pro-
duced evidence to indicate an established population in
either Lake Mead or Lake Mohave. The use of live
crayfish as bait has been known for many years (Jonez
and Sumner, 1954), and the crayfish populations that
are now established in both impoundments possibly
resulted from "bait bucket" introductions.
The Nevada Department of Fish and Game, in 1977,
made collections of crayfish from several locations for
identification purposes. Collections were made from
Lake Mead, Lake Mohave, and several other nearby
waters: Overton Wildlife Management Area and Bow-
man Reservoir near Overton, the Tule Springs and
Lorenzi Park in Las Vegas. These collections were sent
to the California Academy of Science for identification.
The adult members of all six lots were identified as Pro-
cambarus clarki (Girard) (Chivers, pers. comm.). How-
Table 83. List of aquatic invertebrates found in Lake Mead and Lake Mohave and their importance to the fishery (Moffett, 1943; Jonez
and Sumner, 1954; Lake Mohave Job Progress Reports, 1970, 1972; Padilla, pers. comm.).
A quatic In vertebrates Importance to fishery
Mollusks
Limnaea Found in both lakes. Occasionally used as food by fish
Physa Found in both lakes. Occasionally used as food by fish
Corbicula Found in both lakes, little importance as food for fish
Crustaceans
Gammarus Found only in Lake Mohave in the Willow Beach area. Commonly used as food by fish
Crayfish Found in both lakes, some importance as food for fish
Insects
Diptera
Chironomidae. Found in both lakes, commonly used as food by fish
Simuliidae Found in both lakes, commonly used as food by fish
Odonata Found in both lakes, occasionally used as food by fish
Orthoptera Terrestrial, found around both lakes, occasionally used as food by fish
Coleoptera Terrestrial, found around both lakes, occasionally used as food by fish
Hymenoptera Terrestrial, found around both lakes, occasionally used as food by fish
Ar^hnida Terrestrial, found around both lakes, occasionally used as food by fish
F; ater jellyfish Rarely found, unknown if used as food by fish
OL^. -haeta' Found in both lakes, used by bottom feeding fish
'Melancon, Susan S., 1977.
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ever, there was difficulty in collecting from Lake Mead
and Lake Mohave. Sample sizes were small and in some
areas such as the Willow Beach section of Lake Mohave
no collecting was done. It is possible that other crayfish
species also exist within the study area. Jonez and Sum-
ner (1954) identified another species from the Willow
Beach area (astacus sp.) now referred to as Pacifastacus
sp. None of this species was seen in the recent collection,
however.
Procambarus clarki is native to the southern United
States. It has been introduced into many other areas
including California where its presence is less than wel-
come (Chivers, pers. comm.).
Little is known of the reproductive habits of this spe-
cies. Crayfish are usually sexually mature by their first
autumn of life. This is variable, however, and some
individuals may not mature until the following year.
During the incubation period, the female carries the
eggs in a mass under the abdomen and is said to be "in
berry" at that time. The eggs hatch and remain attached
to the female by a thread until their first molt. The
young remain with the female through several more
molts before venturing out on their own (Kimsey and
Fisk, 1966).
Crayfish are omnivorous in their food habits. They
seem to prefer plant material when it is abundant. Also,
they will utilize dead animals but prefer fresh rather
than decayed meat (Kimsey and Fisk, 1966).
There is mixed emotion concerning the presence of
this species. The burrowing habits of this crayfish can
cause damage to dikes, ditches, and other man-made
earthen structures. It has also caused considerable dam-
age to crop cultivation in some areas. The species is also
aggressive, and, when coupled with its high reproduc-
tive rate, poses a potential threat to endemic fauna
(Chivers, pers. comm.). However, their position in
nature is one of a scavenger, and they should not be
considered as predators on fish (Kimsey and Fisk, 1966).
Procambarus clarki does have important values to a
fishery. They are considered as good forage for many
kinds of game fish (Kimsey and Fisk, 1966). In Lake
Mead and Lake Mohave, game fish commonly
crayfish as food (Lake Mead Job Progress
1974). Crayfish are also occasionally eaten by
The tails are removed and prepared into a ta
They are also a popular bait for many anglers
and Fisk, 1966).
FRESHWATER ASIATIC CLAM
During 1962, the first reports of freshwater cli
Lake Mead were heard. This clam was identified in*!
as the asiatic clam, Corbiculasp. By the fall of 1963*"rt3l
species was found abundantly in the Boulder Basin <
Lake Mead. They were also found as far uplake*
Temple Bar and in Lake Mohave (Lake Mead Job <
pletion Report, 1963). The species is now abundantly^
found in both impoundments. Thousands are stra •'•"'"
annually by the receding water levels.
This species of clam has very little importance in)
Mead and Lake Mohave. Occasionally, they are op
and used as bait by fishermen. In fact, much of
importance of this species is viewed negatively. In ca
of Southern California, Corbicula have become a
sance by building up in masses several feet thick which!
restrict water flow (Lake Mead Job Completion Report,!
1963).
?.#
•*
FRESHWATER JELLYFISH
The freshwater jellyfish, (Craspedacusta sowerbyi)'^^
(Lankester), has been observed and collected on a few f*
occasions in Lake Mead. During the late summer and '«(«
fall of 1962, this small jellyfish became abundant in the 7'<
Boulder Basin of the lake. This form was previously '*
observed in Lake Mead during 1954 (Lake Mead Job
Completion Report, 1962). The population devel- ^
opment of this insignificant species was attributed to
above average water temperatures and an unusually
high water level. The decline in the population occurred
when the water temperatures fell below 60° F. (15.6°
C.) (Deacon and Haskell, 1967).
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AQUATIC AND RIPARIAN PLANTS
of species of plants are found in the Lake Table 84- Partial list of genera of algae identified from Lake
j ^ad/Lake Mohave study area. Many of these species, Md'su'mne^ ws )^0*1"™ (DeaC°" et al" 1972; J°"ez
: hoth aquatic and riparian, are valuable to the fishery. ' _. , _
The prime importance of these plants is the cover they Chlorophyta Cyanophyta Chrywphyta-Co,,,.
'" ", „ / . , , , , , , , Ulothrtx Synechocystis Diatomella
provide to small fish. Most of these plants are also Crucigena Anabaena Fragilaria
important as forage stimulators in the intricate food Actiniastrum Phormidium Cyclotella
web of each lake. The occurrence of aquatic inverte- Ankistrodesmus Gloeocystis Stephanodiscus
bn .58, valuable as forage for fish, is enhanced by abun- Scenedesmus Pyrrophyta Synedra
. . . T> .. , ,. . r ., , j . Tetradesmus Peridimum Diatoma
dant vegetation. Partial lists of the algae and major chlamydomonas Ceratium Navicula
vascular plant species and their relative importance to Spirogyra Glenodinium Rhapalodia
the fisheries are presented (Table 84 and Table 85). Oedogonium Chrysophyta Amphora
Cladophora Cymbella Stausoneis
Brebissonia Susisella
Asterionella Denticula
Melosira
Eunotia
J ile 85. Partial list of major riparian and aquatic plant species found within the Lake Mead and Lake Mohave study area and their
importance to the fishery. (Identification from Kearney and Peebles, 1960; Dodge, 1976; and Billings, 1954).
Family and species Importance
Typhaceae—Cattail family
Typha angustifolia— Cattail Aquatic emergent, very important as cover for fish
Potamogetonaceae—Pondweed family
Potamogeton spp.—Pondweed
Zannichellia palustris— Horned pondweed Aquatic, very important as cover for fish when found in dense stands
Najadaceae—Naiad family
Najas marina—Spiny naiad Aquatic, very important as cover for fish when found in dense stands
Gramineae—Grass family
Phragmites communis—Reed Riparian, important as cover when inundated in dense stands.
Jyperaceae—Sedge family
S'-'-'tus spp.—Bulrush
' spp.—Sedge Aquatic emergent, rarely found in study area; therefore of little importance; could be very important when found
— in dense stands
Salicaceae—Willow family
Populus Fremontii—Fremont cottonwood
Salixspp.—Willow Riparian, some importance as cover when inundated
Cruciferae—Mustard family
Lepidium Fremontii—Pepper grass
Stanleya spp.—Desert plume Terrestrial and riparian, little importance as cover when inundated
Chenopodiaceae—Goosefoot family
Atriplex spp.—salt bush
Allenrolfea occidentalis—Pickleweed
Suaeda spp.—Inkweed
Grayiaspp.—Hop sage _ Terrestrial or riparian, some importance as cover when inundated
Rosaceae—Rose family
Coleogyne ramosissima—Black brush Terrestrial and riparian, some importance as cover when inundated
Leguminosea—Pea family
Acacia Greggii—Catclaw
Prosopis spp.—Mesquite
Daleaspinosa—Smoke tree Terrestrial and riparian, important as cover when inundated
Zygophyllaceae— Caltrop family
Larrea divaricata—Creosote Terrestrial and riparian, some importance as cover when inundated
Tamaricaceae—Tamarisk family
Tamarixspp.—Salt cedar Riparian, very important as cover when inundated
Labiatae— Mint family
Salviaspp.—Desert sage Terrestrial and riparian, little importance as cover when inundated
Solanaceae—Potato family
Nicotiana spp.—Tobacco Terrestrial and riparian, little importance as cover when inundated
Bignoniaceae—Bignonia family
Chilopsis linearis— Desert willow Terrestrial and riparian, little importance as cover when inundated
Plantaginaceae— Plantain family
Plantago spp.—Indian wheat Terrestrial and riparian, little importance as cover when inundated
Compositae—Sunflower family
Franseria spp.—Bur sage
Baccharis spp.—Seepwillow
tea spp.—Marsh fleabane
rosia spp.—Ragweed
Hymenoclea spp.—Burro brush
Encelia spp.—Brittle bush Terrestrial and riparian, little importance as cover when inundated
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PARASITES AND DISEASES
"¥„'
PARASITES
Lake Mead largemouth bass have frequently been
observed depositing eggs outside the nest area. This
inefficient spawning results in poor fertilization encour-
aging fungus (Saprolegnia sp.) encroachment on the
dead or infertile eggs. Initially, nest failures were
thought to be attributed to severe fungus buildup; how-
ever, close observation revealed less destruction than
first anticipated. In Lake Mead in 1973, a few nests
appearing completely covered with fungus hatched good
numbers of fry. This was not the case in 1974, however.
Several heavily infested nests hatched sac-fry but they
became entangled in the fungus mat and died. Thermo-
graph data from bass nesting areas revealed that Sapro-
legnia sp. has an optimum temperature range coincident
with minimum bass spawning temperatures. Nest
spawned at 60° F. (15.6° C.) would suffer greater losses
than nests spawned at temperatures well above 60° F.
(15.6° C.) (Allan and Romero, 1975).
The common brown hydra (Pelmatohydra oligactis)
has been identified in various degrees of infestation in
largemouth bass nests. Divers in Lake Mead have fre-
quently observed hydra with captured sac-fry in their
tentacles. However, they were not considered to be
major threats (Allan and Romero, 1975).
Predaceous nemotodes were also observed in Lake
Mead bass nests. They were considered to be inconse-
quential invaders of little impact (Allan and Romero,
1975).
Several parasites of fish have been identified from
Lake Mead and Lake Mohave and from the Willow
Beach and Lake Mead fish hatcheries. These parasites
are seen only occasionally in the impoundments and are
of very little consequence. They were identified from
fish of all species (Jonez and Sumner, 1954; Johnson,
1973; Padilla, pers. comm.). However, in the hatch-
eries, where crowded conditions exist, parasites are
more commonly found and create a much greater prob-
lem (Leitritz, 1959). The most commonly observed and
reported forms are listed (Table 86).
DISEASES
The occurrence of diseases within the study area
never been widely reported. Only at the Willow Beach*
National Fish Hatchery on Lake Mohave has a major1
epizootic been documented. In 1974, confirmation wa«*
made of Infectious Pancreatic Necrosis (IPN) occurriW
in the hatchery and in Lake Mohave. IPN is an acute
viral disease of very young salmonids, causing mor»
talities as high as 80 percent (Amlacher, 1961). The
exact source of the infection is unknown. There is evi-
dence indicating a possibility of egg transmission (Wolf
et al., 1963). Disinfection of the hatchery to eradicate
the disease was made during the spring of 1976. Inten-
sive sampling since that time confirms that the disease is
no longer found in the hatchery and is also disappearing
in Lake Mohave (Major, pers. comm.).
Bacterial gill disease is also present at times in the two
hatcheries. This disease, as the name implies, is a bacte-
rial infection of the gills. However, the environment has
a great influence on the occurrence of the disease. The
disease is most prevalent in overcrowded hatchery situa-
tions (Amlacher, 1961). Columnaris has also been
reported from the Lake Mead Fish Hatchery (Buck,
1974-75). This bacterial disease attacks the fish through
small abrasions on the skin which allow the bacteria to
gain access to the epidermis, dermis, and, eventually,
the muscles (Amlacher, 1961). The possibility of other
diseases exists within the study area; however, as yet, no
reports of other major occurrences are known.
There are now state and federal regulations and poli-
cies governing the handling of fish diseases. The Federal
Government, the Colorado River Wildlife Council, and
the State of Nevada each provide guidelines for dealing
with these diseases.
The U.S. Fish and Wildlife Service has provided poli-
cies and guidelines for controlling the spread of serious
fish diseases. The concepts of the federal "Fish Health
Policy" are to:
1. Provide leadership, professional competence,
and training, in cooperation with international agencies,
Table 86. List of reported forms of parasites in Lake Mead, Lake Mohave, and two fish hatcheries (Jonez and Sumner, 1954;
Johnson, 1973; Padilla, pers. comm.; Rosenlund, pers. comm.; Buck, 1974-75).
Parasite Status
Nematode
Contracaecum multipapillatum. Occasionally reported in both lakes
Copepod
Leanaeasp Occasionally reported in both lakes
Cestode
Proteocephalus ambloplitis Occasionally reported in both lakes
Trematode
Gyrodactylussp Occasionally reported from the Lake Mead Hatchery
Leech
Illinobdella sp Occasionally reported in both lakes
Protozoan
Costiasp Occasionally reported from both lakes and hatcheries
Trichodina sp Occasionally reported from both lakes and hatcheries
Ichthyopthiriuss Occasionally reported from both lakes and hatcheries
Myxosomasp Reported only from a dead Colorado squawfish at Willow Beach National Fish Hatchery
Fungus
Saprolegnia sp Commonly reported from both lakes, usually found on eggs in Centrarchid nests
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foreign governments, states, and the private sector, to
t lize and carry out programs to improve fish health.
'"*- Develop programs in cooperation with other fed-
eral and state agencies and the private sector to solve
fish health problems and control the spread of serious
disease agents.
3. Increase the efficiency of fishery resource pro-
grams by minimizing the impact of disease and by pro-
c .cing healthy fish to meet the objectives of fishery
management programs, research, and cooperating
agencies.
4. Encourage and conduct research and devel-
opment studies of the epizootiology of fish diseases,
improved disease detection and diagnostic techniques,
additional methods of effective therapy and disease
eradication procedures, and improvements in the
disease resistance of cultured fish species.
5. Evaluate the threat each disease poses to the
esource and determine which specific diseases should be
listed as certifiable (Table 87).
Table 87. U.S. Fish and Wildlife Service certifiable diseases.
Diseases
Furunculosis
Bacterial kidney disease
Enteric redmouth
Whirling disease
Viral hemorrhagic septicemia
Infectious pancreatic necrosis
Infectious hematopoietic necrosis
Ceratomyxa shasta
Herpescirus salmonis
— Channel catfish virus
In order to implement this policy, guidelines have
been written to provide the following necessary actions:
1. Develop a national broodstock program to meet
the requirements of the Fish Health Policy and the
objective of the Fish Stocking Policy.
2. Determine that the Fish Stocking Policy includes
consideration of the Fish Health Policy in making allo-
cations.
3. Continue the fish hatchery disease monitoring
program so as to include all Service fish hatcheries and
research facilities regardless of the species involved. A
plan to accomplish this is suggested and includes a
change in the hatchery classification system to permit
better utilization of the fish resource. The classification
(R) is a temporary condition pending improved facil-
ities, new control methods, a change in production or a
better understanding of the disease.
4. Institute a program to evaluate current knowl-
edge of fish diseases and determine areas requiring
research. The evaluation program would be used to
guide future studies required to develop and periodically
update information for the control or eradication of the
diseases.
5. Provide training to develop competence in fishery
biologists for managing disease in hatchery and feral
po Mions of fish.
» Develop and execute cooperative agreements with
state agencies permitting a comprehensive approach to
minimize fish disease impacts by dealing with water-
sheds and multi-state jurisdictions and by bringing
disease considerations directly into federal and state fish
stocking policies.
7. That the Service conduct research to determine
what constitutes good health in fish.
8. Execute the edicts of this policy to comply with
federal or state regulations pertinent to rare, endan-
gered, and threatened species, subspecies, or popu-
lations.
The goal of these policies and guidelines is the pro-
duction of healthy fish. This goal also extends to the
survival of fish in the wild (Major, pers. comm.).
The Colorado River Wildlife Council (CRWC) is
comprised of the seven western states within the Colo-
rado River drainage system. In 1973, the CRWC
adopted a fish disease program to systematically mon-
itor the entire drainage. This primarily deals with the
many state and federal fish hatcheries in the region.
Each state and the federal government have appointed
inspectors to oversee all the hatcheries—state, federal,
or private—that operate on or stock into the Colorado
River drainage. The inspector coordinates a timetable
for inspections and notifies the chairman of the Fish
Disease Subcommittee who, in turn, contacts an appro-
priate Certifying Team member to complete the inspec-
tion. The Certifying Team is a group of fish disease
specialists appointed by the states and the federal gov-
ernment. A resolution pertaining to fish disease control
on the Colorado River drainage was adopted where:
1. Before any station may stock game fish into the
Colorado River drainage system or conduct fish cultural
activities on the Colorado River system, it shall be certi-
fied by a member or members of the Certifying Team as
being free of the fish diseases or pathogens inducing the
following diseases (Table 88).
Table 88. Pathogens and diseases covered by Colorado River
Wildlife Council policy (Policy adopted in 1973 and
amended in 1974).
IHN Virus Infectious Hematopoietic Necrosis
of Salmonids
VHS Virus Viral Hemorrhagic Septicemia
of Salmonids
CC Virus Channel Catfish Virus Disease
Myxosoma cerebralis Whirling Disease of Salmonids
KD Corynebacterial Kidney Disease
of Salmonids
Ceratomyxa shasta Ceratomyxa Disease of Salmonids
Branchiomycessp European gill rot of Morone saxatilis
Sanguinicola sp.
(Cardiocola) Blood fluke of Salmonids
IPN Infectious Pancreatic Necrosis
of Salmonids'
'To be added in 1980 by council action 1978.
2. There shall be no plantings of game fish into the
Colorado River system from any station that is obvi-
ously exhibiting significant fish losses and are showing
clinical symptoms of any disease, nor shall any station
draining into the Colorado River system which exhibits
such diseases be allowed to operate until properly certi-
fied.
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3. All game fish planted by federal, state and private
fish cultural facilities into the Colorado River drainage
system shall be free of the listed diseases or pathogens
inducing the following diseases (Table 88). Fish cultural
facilities with a history of incidence of any of these
diseases shall not plant fish into the Colorado River
drainage system until inspected by a member or mem-
bers of the Certifying Team and found to be free of the
listed diseases or pathogens inducing those diseases.
4. Any certification of clearance for planting game
fish into the Colorado River drainage system is immedi-
ately null and void upon confirmation that any of the
listed diseases are established in the certified hatchery.
Further game fish plantings may be made into the Colo-
rado River drainage system only after recertification and
after the Colorado River Wildlife Council recommends
that planting may be resumed.
Both the Willow Beach National Fish Hatchery and
the State of Nevada Lake Mead Fish Hatchery are pres-
ently certified under this CRWC policy for operation on
and stocking into the Colorado River drainage.
State of Nevada regulations also govern the handling
of fish diseases. The regulations state that: "Any person
who establishes, operates, or controls a commercial fish
hatchery, private noncommercial fish pond, or
fish cultural installation within or without the State
Nevada, shall make application ... for a 'Letter of
tification' stating that such installation is free from fiil
diseases or pathogens inducing diseases that have bee
determined by the Department to be deleterious
life or aquatic life of Nevada." (Nevada Department of
Fish and Game, Special License and Permit Policy and
Procedure.) -f^
Bait fishes and other aquatic organisms used as com-
mercial live bait are also covered under Nevada rcgu-'
lation. Only persons licensed as a "Live Bait Dealer"
may receive, bring or have shipped into Nevada live fish
or other aquatic organisms for use as bait. This "bait**
must be acquired from approved installations or from
the states bordering Nevada. Disease inspections of
these shipments by the department may be conducted, if
necessary (Nevada Department of Fish and Game, Spe-
cial License and Permit Policy and Procedure). i
Any live bait found to be contaminated with disease
or disease pathogens deleterious to wildlife may be
destroyed at the point of inspection or returned to the
point of origin (Nevada Department of Fish and Game,
Special License and Permit Policy and Procedure).
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